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No. ]. — A Beconnoissance of the Bahamas and of the Elevated 
Eeefs of Cuba in the Steam Yacht " Wild Buckl' January to 
April, 1893. By Alexander Agassiz. 

The fullest account we have of the structure of the Bahamas is that 
given bj Captain Nelson/ who clearly recognized the great part played 
by the ''teolian" rock in the formation of the islands. His examination 
has formed the basis of the resumes of their structure subsequently 
published by Darwin and by Dana. 

Most accurate surveys of the Bahamas have been made by Captains 
Owen and Bamet, and published by the Admiralty. These charts have 
immensely facilitated the examination of the banks, and with such ex- 
cellent guides a great deal of time could naturally be devoted to an 
examination of the rocks, which otherwise miglit have to be spent in 
making surveys of the ground covered. The hydrography of the deep sea 
has been developed by the '* Blake," "Albatross," and other vessels, so 
that with the aid of the many deep-sea soundings taken in tiie region of 
the Bahamas and in the Caribbean many problems can now be discussed 
for which no data existed as long as the soundings were limited by the 
100 fathom line. In a letter to Professor James D Dann,- written at 
the time, was given a short account of my explorations. This is repro- 
duced here, as the most convenient method of showing the track of the 
** Wild Duck " among tiie Bahamas and along the Cuban coast. 

Passing out of Nassau, we entered the Bahama Bank at Douglas 
Channel and crossed the Imnk to Northern Eleuthera, where we exam- 
ined the " Glass Window " and the nortijern extremitv of Eleuthera. 
We then sailed along the west shore of the island close enongli to get 
a good view of its characteristic features as far as Rock HarlK)r at the 
southern end. We steamed out into Exuma Sound tlirough Powell 
Point Channel, and round the southern end of Eleuthera past Little San 
Salvador and to the northwest end of Cat Island, where are the high- 

1 On the Geoloffy of the Rahamas, and on Coral Formations generally, by Cap- 
Uin R. J. Nelson, R. E. Quart Jour. Geol. Soc. of London, Vol IX. p. 200, 1853. 

* Obterrationa in the West Indies. By Alexander Agassiz. (In a letter to J. D. 
Dana, dated Steam Yacht " Wild Duck.'* Nassau, March, 1893.) American Journal 
of Science. Vol XLV. p. 359, April, 1893. 
VOL. XXVI. — Ka 1. 
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of the lame material u the nolian rock of the rest of tbe Bahunu, 
but from wnnt uf drainage it lias Ixrcomtt thorou^blj saturated with lalt 
watur. Id that copditiou it crunibica readily, aud ii tbeu triturated 
iiito a line impalpable powder, almost like duep-sea ooie, which ooven 
tbe buttuni uf the immenite bouk to the wi-st of Audrot. After leav- 
iug AuJroB we onweed tbe bauk to Unin^p) Cay, following the cast* 
eni edge of the Oulf Stream to the Hiding Itucka, Uuu Cay, aod Uie 
Ik-iuiiiis. We theu [lasaod to Great Inutv, where wo saw aume huge 
lunBM-s of ituliaii rock which hod been thniwn up along the bIojw of 
the cay about eighty feet from high-wntcr luark tn a height uf tveutj 
fee^ One of tbcMi niawct was fifteen feet hii iiiclivf long by eleven 
feet by aix feet. Wo then kqit on to Ureal Stimip Cay, and, couling 
along the ISerry Cuya, cruauvtl ovtr to Morgan 'h illulT un the east side of 
Andrus, niniiiiig down as fur as Mastic I'oitil, and then returucd tu 

We made several attempts to eiamine the cnstcm aide of Andme, but 
only Bucceeiled in reaching North Higlit, iH'iiig invarialily driven back 
to NasHuu by uurthera. We made a iiNfiui ei]H-dition to the I.itilo 
Itahama Ilank, ruuiiiitg eastHanI from NaRsau tumth of Itosc Inland (u 
>1ecming Channel, where we [msied into Northeast rn>vi<leiice ('hanm-l 
and B»ehi>reil near <'i|rrciit liilnnd Cut. We crossed to (irvat Abacn at 
the Hole in the Wall, following the Nouthwcst shore of that inland to 
Cordn Cny. We cDlcrvd the Imuk at Mores Inland Channel, xteanied to 
the W.Hillenilean Cays and to Hock Ilurt-r, exaniining tlio '■ .Marls " tu the 
wcntward of (ireat Alioro. Kctiiniing, we [nhuhsI into Nortbafit I'rovi- 
dem-e Channel, steamcl north to Ibirrow Cay, and skirted the s<mthem 
lu... 1.1....ii ..■.f..rii- S.lil.'iiK^iil IMiit At M.ii^.ry K.-t. 
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blADds of the group. After the formation of the islands came an exten- 
sive gradual subsidence, which can be estimated at about three hundred 
feet, and during this subsidence the sea has little by little worn away 
the eeolian hills, leaving only here and there narrow strips of land in the 
shape of the present islands. Inagua and Little Insfgua are still in the 
original condition in which I imagine such banks as the Crooked Island, 
Caicos, and the Turk's Islands Banks, and other parts of the Bahamas, 
to have been ; while the process of disintegration going on at the western 
side of Andros still shows a broad island, which will in time leave only 
the narrow eastern strip of higher seolian hills on the western edge of 
the Tongue of the Ocean. Such is also the structure of Salt Cay Bank; 
it owes its shape to the same conditions as those which have given the 
Bahamas their present configuration. My reason for assigning a subsi- 
dence of three hundred feet is that some of the deep ocean-holes on the 
bank have been sounded to a depth of thirty-four fathoms, and I take 
them to be submarine blow-holes or canons in the aeolian limestone of the 
Bahama hills when they were at a greater elevation than now.^ Subsi- 
sidence explains satisfactorily the present configuration of the Bahamas, 
but teaches us nothing in regard to the substratum upon which the Ba- 
hamas were built. Indeed, the present reefs form but an insignificant 
part of the topography of the islands, and they have taken only a 
secondary part in filling here and there a bight or a cove with more 
modem reef rock, thrown up against the shores so as to form coral 
reef beaches such as we find in the Florida Reef. 

We steamed in the " Wild Duck " nearly forty-five hundred miles 
among the Bahamas, visiting all the more important poiuts, and made 
an extensive collection of the rocks of the group. 

I had on board a Tanner sounding machine, kindly lent me for this 
trip by Colonel McDonald of the Fish Commission, and some deep-sea 

* Dr. Jolin L. Northrop. (" Notes on the Geology of the Bahamas/* Trans. N. Y. 
Acmd of Sci., Oct. 13, 1890,) who passed considerable time in New Providence and 
in Andros, has given an excellent account of the characteristic features of Andros. 
He considers the evidence he has collected as conclusive of the recent elevation of 
Andros and of New Providence. During my extended examination of the Bahamas 
I did not meet anywhere with deposits either of corals or of mollusks, the position of 
which could not be satisfactorily accounted for as resulting from the action of winds 
and waves, or hurricanes. On the contrary, the very facts Dr. Northrop brings forth 
regarding the configuration of the western coast of Andros seem to me to lead to 
the opposite conclusions from those arrived at by him. All the evidence I have 
thows that the Bahamas owe their present configuration to subsidence and erosion, 
and that they are not rising. 
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thennometera won abo lupplied bj him uid hy ProfeMor Hendenhftll, 
the Superiutcudcut of the United StAtea Cowt Survejr. I provided mjielf 
with K number of self-cloaing Turner deep aea tow-nets, with & supply of 
drodgu Mid lurfftoo to«-ncU, and carried un board a Yale and Townc 
patent winch for winding the wire rope uwcd iu dredging and towiug in 
deep water. The jacht waa provided with a atcam capatan ; 1>; increas- 
ing its diameter with lagging we found no difGciiltj in hauling in our 
wire rope at therateof a hundred fathums in eight m in u tea. We carried 
six hundred lathoma of steel wire dredging ro{« of the same dimciisioiis 
which I had used on the " lilaku," and whiuli bas also been adopted on 
the " Albatross." 

Both on going into Havana and on tearing wo sjient the greater [>art 
of a day in towing with the Tanner net. I thought I could nut select a 
better s]>ot for finally settling the vertical ilislribution of iwlagic life than 
off Havana, whiidi is in deep water — nine hutiilred futhoiMS — close to 
land, on the track of a gn-at oceanic current, t)ic tiulf Ktrcani, noti-d f»r 
the uiass of pelagic life it carries nlimg its course. Wo towed in one 
hundred, one hundred and (ifly, two hundred and fifty, ami three hun- 
dred fathoms, anil i>u the surface at or near the aatnc locality, nii<1 I have 
found nothing to cause me to change the views cipreNae<l in the Pnlim- 
inary ItejKirts of the " Alliatross"ex|icdition of 1H<J1.> At no depth did I 
obtain with the Tnuuer net any B]>ecieii which were not also at some time 
found at the surface. Kven at one hundred fathoms the amount of 
animal life was much leas than in the l>elt from the surface to that 
depth. At one hundn-tl and fiRy fathoms there was still K-kh, antl 
at two hundred and fifty fathoms and three hiindn-d fnthotim the 
cloM-d [lart of the TaniiiT net c«>ntninctl nolhinn.* At each of these 
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the lower part of the bag of the Tanner net, as long a haul through 
water as the open part of the net would have to travel till it reached 
the surface. This gave for comparison of their respective richness the 
fauna of a horizontal column of water obtained in the closed part of the 
Tanner net at one hundred, one hundred and fifty, two hundred and 
fifty, and three hundred fathoms, of the same or of greater length than 
the fauna of a vertical column from those points to the surface obtained 
in the sweep of the open part of the Tanner net. 

In all our tows with the deep-sea self-closing Tanner net we took the 
usual precautions of carefully filtering the sea water into which the con- 
tents of the closed part of the net were emptied. We also made some 
alight modifications in the construction of the Tanner net. Iron rods 
were substituted for the rope guides of the pulleys, and one side was 
loaded so as to cant the net while it was towed. Off Clifton, New Provi- 
dence, we made some trials in the Tongue of the Ocean, at a distance of 
not more than a mile from the edge of the bank, the depth being seven 
hundred fathoms. We towed at 9.30 a. m. in from one hundred to one 
hundred and ten fathoms for about twenty minutes : the net closed suc- 
cessfully. Only one Copepod was brought up from that depth, while in 
the open part of the net we obtained several specimens of Eucope, many 
bells of Diphyes, numerous Copepods, Alciope, Schizopods, larvae of £ra- 
chiurans, Macrurans, Doliolum, Appendicularia, Gasteropod larvse, and 
Collozoum. A fine Hhyzophysa came up attached to the wire after 
hauling in forty fathoms. At 10.30 we took a secoud tow at three 
hundred fathoms ; the closed part of the net contained nothing, and a 
preliminary examination of the contents of the open part of the net, 
which remained open from three hundred fathoms to the surface, showed 
that it contained nothing we had not obtained from the shallower 
depths between the surface and one hundred fathoms. 

In a haul with the deep-sea Tanner net, made at 1.50 p. m., five miles 
off Havana, in a depth of seven hundred fathoms, we towed for twenty 
minutes at a depth of three hundred fathoms. There was nothing found 
in the closed part of the net. There was a strong southeast breeze, so 
that we obtained comparatively little in the surface tow-net except a few 
pelagic algse, Diphyes bells, and Copepods, while in the part of the 
tow-net which remained open all the way from the 300 fathom line to 
the surface we brought up a mass of pelagic stuff, consisting of Cteno- 
phores (probably species of Idyopsis and Eucharis), of two species of 
Diphyes, of floats and tasters of Rhyzophysa, of masses of Copepods, of 
Schizopods, three 'species of Salpae, many specimens of Doliolum, a few 
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Alciope, ftnuelid tnd cruaUcetui Isme, Brachiurana, u well u Muru- 
nat, and Hevcnl iiiccieH of Iteropoda, the whole tow miied iu a bruth 
of {lelaf^c algir, in striking contraat with tho paticit; of the pelagic fauns 
and flora at the very aurface. 

On another day, at 2.10 f. x., we made aome hauli near the aame 
lucalitj, off Morru Caatlo, in aovcn hundred and forty-nine fathonia Wo 
towed at two hundred and fifty fathonis for twenty minutea. Tho opcu 
part of the net coutaiued many Ki4,'ittir, C'ci[>epods, holU of Iiijihyc^ 
]H.']agic algw, 'ntyiauopuda, llyperiiu, l.iiriacina, and cruataevan larvw. 
Tlivre waa neither animal nor vegetable life in the lower closed part of 
the net. Tho water waa aniootli, a very light wind only having alighlly 
ruffled the aurfuce. The aurface tow net contained many fntf^ncnta 
of (.'tcnojihoreii, maascR of C*o{k>jnhIr, <if Sehini|iodii, of Miicnirana and 
Mucrtimn hirvii-, a» well aa annelid larvie, SagittH.% Sidgue, Puliulum. 
Autulytua, Collnioum, and great numbers of [Minnie al^ie. 

A aeeoud liuiil wua mode aliout an hour lattr nt the aanie locality. \Ve 
towetl fur twenty miniilea at a depth of one hundred and lifly railiomit. 
Thia time the <'Iom.iI part of the net contained n few annelid lurv»-, 
Boiue ScliimjHHla and Cop*.- [mm la, all of the anmo aju-ciea we hail found 
on the Hurfuce. It alno contained sjiecimcnM of I.imacina and Styliola. 
None of thiitc were in the aurface tow-net, but they had la-en obtaincil 
. frurn the aurface uu another occaainn. In the o{K'n part of the net, 
which had n-muintMl ii[«n from one hnndred and fifty fnthoma to the 
aurface, we i>litaiiie<l the same IHemjKida which were found in the cIkkciI 
|)art I'f the net ; almi the uitue t'ojie|iiida and S(-hiri>|K>ds, aa well an tho 
same annclnl hirv«'. in additii>n, the o|ien part uf the net containcil 
of |)r|.h_ves, frnpnenlBof Cten<iphoreis Sal|m', Holiohim, critataccai 




AGASSIZ: BAHAMAS. 11 

podsy all of species identical with those collected in the open part of the 
bag dragged through the belt extending from one hundred fathoms to 
the surface. It contained in addition some large Schizopods and Sa- 
gitts, Tomopteris, Salpse, Diphyes, Pteropods, tasters of Rhizophysa, 
and cmstacean larv89. 

We hoped also to have made a large number of deep-sea soundings ; 
nnfortunatelj the trades were unusually heavy during the greater part of 
our visit to the Bahamas, greatly interfering with such work on a vessel 
no larger than the " Wild Duck," — one hundred and twenty-seven feet 
on the water line. For the same reason, the number of deep-water pe- 
lagic hauls was also much smaller than we had expected to make, as in a 
heavy sea the apparatus would have been greatly endangered. This was 
something of a disappointment, as the yacht was specially equipped for 
this work, and I had hoped, with the assistance of such skilled draughts- 
men as were my assistants on this trip, Messrs. J. H. Emerton and A. G. 
Mayer, to accumulate a large series of sketciies of pelagic types. It is 
a very different thing working at sea in a small yacht like the " Wild 
Duck," from working in such vessels as the ''Blake" and the '* Alba- 
tross," fitted up with every possible requirement for deep-sea work. 
The " Wild Duck," on the other hand, was admirably adapted for cruis- 
ing on the Bahama Banks, her light draught enabling her to go to every 
point of interest, and to cross and recross the banks where a larger ves- • 
sel could not follow. I am under the greatest obligations to my friend, 
Mr. John M. Forbes, for having so kindly placeil his yacht at my dis- 
p »!5al for this exploration. 

The Bahamas (Plates I., VIII., IX., and X.) natunilly divide them- 
selves, first, into sunken banks like the Navidad, Silver, and Mouchoir 
Banks ; next, islands occupying the whole or nearly the whole summit 
of the banks from which they rise, like AVatling, Kum Cay, Conception, 
Samana, Marii^uana, the Plana Cays, Inagua, Little Inajiua, and the atoll 
of Hojjrsty ; then, banks having the semblance of atolls, like the Crooked 
Island and Caicos Banks, which are fringed by low islands forming a cres- 
cent with an open lagoon or Hat between its horns ; next, Salt Cay Bank, 
which from its structure holds a position interm»*(liate between the group 
of sunken banks like Navidad and that resembling the Caicos Bank ; 
and finally, such composite banks as the Little Bahama and Great Ba- 
h.ima Banksy with the characteristics of a combination of banks resem- 
bling all the others. 

Darwin, in his account of the reefs of the West Indies,* assumes " that 

* Coral Reefs, 8d edition, London, 1889, Appendix, p. 266. 
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Urge accuniuhtiona of KdimeDt tre in pnigreM on the Wo«t IndUn 
■hurcB, . . . (MpccUUf of thfl portion north ' of a line joining Yucalui 
and Kluridu. The kroa of dvpoaition Meuia lew intimately cuimocted 
with the dH^iudtevuiU of the great riven than with the cuurev of the 
eca ciirraiilM, an it evident from the vaat extension of the banks from the 
proniuiituriuii of Yucatan and Mo«c|uito." Darwin contidrn tlie iso- 
laU-d banks, such aa tbo Mistorioen Itaiik, the bank off the nurthcni jMiint 
of Old I'roviduuvc, Thundur Knoll, and othon of variuiii diuiensinns, to 
be " coiu|)uecd of sand firmly agglutinated, with little or no cunil." lie 
cuHsiilem their slt-ep slopes aa characteristic of siiiiilar baiikM " in all 
[larts of the world where eedinient is aucn mutating, . . . the banks 
■helving very gently far out to Mta, and tlii-n tcnninatc abruptly. . . . 
The fiirtu and oouiinisition of the banks in the middle ]nrts of the West 
Indian sea deiirly show that their origin mnst lie chiefly Rttrilmtcil In 
the accumulation of sediment ; and the only ubvious ciplanntinn nf their 
isulutL'd ]H«itiuu is the presence of a nucleus round which the currents 
have culli'i'ti-d line drift matter." Further he says, " There cannot lie 
any ilunlit that tlie Mustpiito Ihtnk hua l>ecn furrocd by the accn in illation 
of suiliment ruuiid the promuntury (if the same name." And, linnlly, he 
■ays that the urigin of the Italmma tunks " is eiuily ci|'lnine<l by the 
elevation of Imnks fVingetl on their windward side by cund reefs." Hut 
he modilii-H thin anserlinu by stating that the llahamas, ns well km many 
of the snbmcoreil banks of the West Indian m-a, " have U-cn wimi di»ti 
by the currents and waves of the sea during their clevalinn." 

From what we have learned of the geulngj' of (he West Indian sea- 
sbori-n, tlicre in iintliing to confirm l)ar«in's views r>f the formatinn of 
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SabetitatiDg older limestones in place of the oceanic deposits which 
Darwin imagines to haye been made on the shores of the West Indian 
and it seems to roe that he has himself in his account of the coral 
of the West Indies, the substance of which I have quoted above, 
given an admirable summary of the possible condition of the substruc- 
ture of coral reefs in areas where it did not appear that his theory fur- 
nished a satisfactory explanation of the facts. 

The following report must decide how far the explanation given by me 
aatisBes the conditions of the coral reefs existing in Cuba, the Bahamas, 
Florida, the Bermudas, and other West Indian areas. 

The plateau upon which the Bahama Islands are situated is connected 
with the shore plateau (the *' Blake Plateau ") of the east coast of the 
United States, extending in a triangular shape from Cape Hatteras to 
the Little Bahama Bank.^ Its western face is separated by compara- 
tively shallow straits from Florida ; these become deeper as we proceed 
south, and their depth increases regularly towards the westward to the 
deepest points between Cape San Antonio and Yucatan. 

The Bahama Plateau is separated from Cuba by the Old Bahama 
Channel. It gradually increases in depth eastward as we go from 
three hundred fathoms off Cay Frances to its greatest depth, over one 
thousand fathoms, off Diamond Point, l)etween it and Boca Guajaba. 
(Plates I. and VIII.) The plateau itself slopes to the eastward at its 
northern termination, as is well shown also from the Hue of soundings 
to the north of the Little Bahama Bank parallel with it, aud along the 
axis of the Northwest Providence Channel separating it from the Great 
Bahama Bank. 

The relations of the banks to the eastward of the Great Bahama Bank 
are best seen from an examination of the hydro<rraphic sections on Plates 
IV. and v., and of the charts, Plates L and VIII. 

In attempting to explain the formation of the Stmits of Florida, we 
should remember that, in addition to whatever part the Onlf Stream 
may have played in cutting them out, on the Florida^ side of the straits 
the land was nearly stationary during the time of the formation of the 
Florida reefs, while on the Cuban side the coral reefs have been elevated, 
and on the Bahamas the reefs now flourishing are in a region where there 
has been considerable subsidence, increasing as we pass eastward. If 
these movements of the Bahama Banks and of the land on their sides 

1 See charts, Figures 56 and 176, " Three Cniises of tlie Blake " 

« See Suess, Antlitz der Erde, Vols. I. and II., Chapters X and XVII. 
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were synch ronoiu, they must ItAve produced conaiderable warping of the 
■urfuccM eucloaed within the area explored lijr the " Wild Duck." 

Mr. William II. Tiliiughaat haa publinhed aooie "Notoa"' on the 
historical hydrographj of the Haudkerchief 8hoal, " thinking that aa 
exaniiuutioD uf old niapa might ruvcal a change of cooditiou in the shoala 
ainco the time of the diaoivery of the Babamaa. . . . Thev thmw mure 
light uu the condition of the cartography of the Weat Indica than on 
any phyaical changes ainniig the islands." 

An examination uf the earliest charta of the Monchuir Rank eun- 
mcrated in the " Notes " which Mr. Tillinghast was kind eimngh ti> make 
with me at uncesliowed the in)|Kuisil>iIity of their hAvint:l>ecn IniK^l n|H>n 
actual surveys. On thv chart of Thomas Jcfrrcys(177'i), the Windwnn) 
I'dSHouu from the cant cud of Culm and the north {art of .Siint V>- >minK", 
there is u le^>cnd regarding the Itanc dti Mouchoir (J(iarr)< : "This 1<ank 
is very little known. The soundinga an taken from an Knclinh chart." 
It cuntitins nine isliinds. On writing to Captain \V. .1. Wharton, li. N., 
Ilydrognpher of the Aitmimlty, reganling this Knirlish chart. I mis 
kindly informed >>y Stall' Commander Tisard that there a)<)iear>-il to 
bo no earlier chart at the Hydrugraphic Olhcc than that uf lTi.'> l<y 
Thomas JelTrcyo. 

It is most nutund that in tboac days, when computations forlongitmle 
were cuniiKirativcly iuHccnrutc, that in a n'([ii>n where the cnrrutils are 
moat variahlc and iiftcn (piilc ntrong, the [msitiuua aiwigni-d to vhouln and 
ulandH aliould ho very inacciirutc. 

Kvcn at the pn'MUt time it is mimt diffit^nlt, ovine t'> the varyini; 
atreUKlli of the cnrrenlH, to pick up the )iosiiii<n of well known Imnkn, 
and still more dithuult to lind Wiks like that on which the " Snperh " 




AGA8SIZ: BAHAlfAS. 15 

With the exception of the changes in the distribntioD of the sand 
bores there are only some unimportant modifications of the topography 
of the islands recorded. Since the careful surveys of 1834, no changes of 
any consequence have been detected in the configuration of the land ; so 
that we are warranted in assuming that the configuration of the Bahamas 
as we now know them does not differ materially from that of the Y^ de 
los Liicayos as they were first discovered by Columbus. The char- 
acter of the forests alone has been greatly modified since the advent of 

« 

Europeans. 

Thelarge scale charts of the region we explored in the " Wild Duck " 
are the British Admiralty Charts, Nos.393, 659, 1256, 2579, and 2580, 
and the five Charts of the Bahamas, Nos. 399, 1496, 2009, 2075, and 2077. 
The deep-sea soundings are in the main those taken by the officers of 
the United States Coast Survey and United States Fish Commission, in 
addition to a few lines derived from soundings taken by the United States 
Navy Department and the steamers of private companies engaged in the 
laying of submarine cables. 

The charts of the United States Hydrographic Bureau covering the 
same field are Nos. 373, 944, 946, and 947, and for the Bahamas, Nos. 
26 a, b, c, d. Also the United States Coast Survey Chart of the Atlantic 
Coast from Cape Hatteras to Key West, scale i^^jssa» as well as the charts 
of the Florida Reefs, Nos. 166, 167, 168, and 169. For the smaller 
charts and plans, and other charts of the West Indian and Caribbean 
districts, referred to in this Report, see the Index, and the chapters on 
the Hydrography of the Bahamas, page 139, and on tlie Coral Reefs and 
Banks of the West Indian and Caribbean, pages 145 and 160. 



THE GREAT BAHAMA BANK. 

Plate I. 

The Great Bahama Bank, by far the largest of the group, is irregularly 
V-shaped ; it extends four hundred miles from northwest to southeast, 
and its greatest width is about two hundred and fifty miles. The west- 
ern face, swept by the Gulf Stream, is slightly convex, and curves round 
to the southeast and south, forming the northern edge of the Old Ba- 
hama Channel. It then forms the edge of a great bay at the eastern 
extremity of the channel, extending northward and eastward, and ter- 
minating in a blunt projection, the Columbus Bank. From the eastern 
extremity of this bank the edge of the Great Bank runs north, aud is 
protected by a line of low islands making a sweep which terminates in 
the southern point of Long Island. The island is the easternmost pro- 
jection to the west of Exuma Sound, a deep gulf separating the eastern 
fsLce of Great Bahama from the edge of the bank which extends north- 
ward from Great Exuma to the western spit of the southern part of 
Eleutbera. 

The northern face of the western shank of the Great Bahama Bank 
runs nearly east from the Gulf Stream. It has, like the western side, 
but few fringing islands. Upon the eastern edge of the western shank 
of the bank are the Berry Islands. From their southern line the edge 
of the bank runs in a curve to the west edged by the Joulter Cays, which 
run into the northern extremity of Andros. This island, the largest of 
the Bahamas, forms the western edge of the Tongue of the Ocean, which 
separates the eastern and western shanks of the bank. On the eastern 
edge of the Tongue of the Ocean there are no islands except Green Cay 
and a few insignificant islets. The Tongue of the Ocean is a deep 
pocket ; the extension of its eastern shore forms a sharp angle at New 
Providence, running slightly north of east to the extremity of Eleuthera. 
This edge of the bank is flanked by New Providence and a series ot 
narrow islands which separate the Northeast Providence Channel from 
the inner bank. Eleuthera forms the northern part of the eastern face 
of the Great Bahama Bank ; its southeastern spit is united to Little San 
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i^ulvadiir Ity k shallow iimtuw Iiaiik, wliioh it) ita turn ia omncctcd witli 
the iiortlioni vxtn-niity of Cut IhIiuxI. The IntLcr iHUiid f<>niit> the cmil. 
em Hiile iif KxiiniA Suund nnd the iiioHt ciuttTly [luiiit of tliu (ircat 
IIhIiiiiiiii lluiik. Wu iiiny iiuw [inK-CLiI witli tlio deiicriiilioii of the uluuda, 
lH<);ii»iiii|; ut Nvw i'rovidurice mid taking the uutLTu tiliauk of the tiruat 
A Btiiik firat. 



New Providence. 

PIkl* X. ric» «, 3i riM>< XV. is XX. 

Ahlioiifih tho JHlHiid »f New I'rovidetico ia nut one of the IniV'Bl <>f the 
ILiliiiHiiiH, yet thu L'hiimcter of itn ■urfA4;Q va^i(^(l (ircatly, nnd it ih of tiiif- 
Kcii'iit nijtu to g\\i! on i-xn-jleiil <']iitomo of the fi':ttiircH whirh |>rul<ul<ly 
vhiirncteriEed tho luiid wliieli once inunt have covered the (^renter |i«trt of 
lh<' (itvikt Ihiliaiiia mid Little iUhnnm Itiuika. 

New I'rovideiut! iKnipii-it the imrthwent corner of thnt |mrt of the 
hniik lying lietw^i-n the Tongue of the Ociim and Fxum« Sontii), in 
Wfittern ettreinity pMlmMy eileiiding nearly an fur ont toward thu 
edge of the Ixink, a* i* imlicnted liy the outlying iHlanilH to the went, 
which were |H-rha|M vnce ft |nrt of it. The K-a huH encn>achcd hut hltle 
u|K>n itn uurtlicrri i>horc, cm'jit near I he entnmue tu Niumim tlarlior, whera 
a few HDiall iahnidii to the wmt of the eiitmncu nhow itH fonner northern 
eitvnxioH, and indicate tiMt the Hnnie raniHii, together with the iiuUiidcDctf 
of the Imnk, have aeiinrHted it from ilog Uhuid. 

The KM) fathom line in tiuitu t\&K V> the north ihora of the iaiand, 
o well KM to the weHtem extremity, n dejith of one hiinilatl and fiftj 
fatlioniH U-int; n-ncheil within live hiindivd feet fruui tlu) •uuthwcatem 
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harbor owes its existence in part to the general subsidence of this part 
of the Bahamas, which has sunk the valley between Hog Island and 
Nassau Hill as much as seventeen feet below low-water mark ; while the 
Grantstown plain to the south of Nassau Hill (Plate XVI.), extending 
to the next range, is still a few feet above high-water mark. A slight 
subsidence would separate Nassau Hill from the rest of New Provi- 
dence and form a second range like Hog Island to the north of a large 
bay (Grantstown plain), cutting off the southern part of the island. 

This ridge extends westward beyond Fort Charlotte from the point on 
which Fort Montague is built. From the Caves to tho western entrance 
of Nassau Harbor the north shore of Now Providence is formed by a line 
of hills running nearly parallel with it, and making the north side of the 
basin of Lake Cunningham. A broad valley stretches between it and 
the range of hills extending from Fort Charlotte to Fort Montague, 
the valley gradually opening out as we go westward from the Cave 
Point. The shore line itself is a long series of ucolian rock sand beaches 
(Pbte XVIII.), separated by an occasional rocky projection forming low 
cliffs. 

The part of the island adjoining the north shore is covered principally 
by shrubs and trees. The flats at the foot of the hills are cultivated, 
and covered with sisal or cocoanut plantations. 

The Queen's Stairway presents one of the finest sections of the aeolian 
rocks of Nassau (Plate XV.) ; not only does the road leading up to its 
base pass through cuts of ajolian rocks ranging from five to fifteen feet, 
but the so called Stairway itself is a succession of walls showing an ex- 
posure of fully sixty feet of SDolian rock. This ceolian rock when first 
exposed to the air is comparatively soft, but becomes quite hard after 
exposure to the action of the atmosphere. 

Immediately behind the Queen's Stairway, on the southern slope of 
the Nassau Range, there is a fine quarr}% one of a series which begins at 
Nassau Street and runs along the top of the range to the eastward of the 
Stairway. About one third of the way up the hill there is also a large 
abandoned quarry, showing the structure of the cTolian rock. A few 
smaller abandoned quarries are found near the base of the hill, in which 
the exposed faces differ in no wise in character from those of the other 
jiarts of the hill. The same was found to be the case in the street 
leading from the main street to the Queen's Quarry, the nature of the 
exposed faces being everywhere the same. 

The jcolian rock faces as exposed in the quarries are in striking con- 
trast with tljc harder rock surfaces exposed in the low ground between 
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the Nanau Rtuige u>d the next range on the Gnntatown ra«d. There 
we find the aolian rocks of the aiirfwe cxwted with ■ hard ringing Uyer, 
and modified to • great extent by the iutercalation o( aroygdulea nf 
red earth, which give to the rocks the itppeanince of an iudiatinct 
conglomerate. 

At the foot of Naauii Street, twelve to fifteen feet above high-water 
mark, the vertical wall (ten ft'ct high) of the back of the quarry alao 
plainly showed lines of tvulian dc]>oiiit. On the way up tho atrect there 
are other quarriea which have been abandoned, and cicavatiouB for 
buildings ahowing tho samo structiiro. The quarrioa at the top of 
KassBU Street are being worked, and fine vertical fut-ea could l<c oinm- 
ined there fully twenty feet in height, which slmwcd on the whiile fuce 
the same Rulian structure so plainly seen at tho foot of tho aanio street, 
aud at some other puints of a still lower level, Iwlow high-wnivr mark. 
The whole of tho ridge forming the fint hill Iwck of the linr))i>r of 
Nassau is evidently of B.-olian formation. Its highest point is ul>ont one 
hundred feet. 

To tho eastward of Fort Fiucastlc there arc othfr oM <|nnrTic«, the 
ei|)08ures showing tho irregular lines of wind-blown ilcjiiiaitii. Wher- 
ever streets have iM-en cut thnuigh the hillside as trctirheH, the snnie 
lines are visible on the fiu-ea of the side alo))eti. The K-olian nick is uiwd 
as liuildiDK niaterial throughout the Unhama Islands. It is either tiuar- 
ried from the surface in rough hliH-ks from accessible faces, or n-gulnrly 
qnarriwl, as at Nassau ami lirecn Turtle Cay, by cutting niirrow vertical 
channels five to sis ft-et in the face of the vertical ciilT eti-tinreM. A 
similar cut is roaile [mmllcl to the face. The Mocks thus laid ofT are 
then Mweil in columns. nn>l (hesu in their tuni sawed into hhicks of 
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and erosion have been changed into the narrow channels separating the 
outlying cays from the main island of New Providence. In some in- 
stances there has been an accumulation of recent shore coral rocks, 
flanking the hills and overlying the lower part of the older seolian rocks. 
Beyond the shore flat we cross Prospect Hill, then a second and third 
range of low seolian hills, and then we come upon the sink which forms 
Lake Cunningham (Plate X. Fig. 3). This lake fills a long valley^ with 
its sides flanked by mangroves and with a few mangrove islands scat- 
tered on its surface. The water is slightly brackish. The vegetation out- 
side of the mangrove belt runs into the characteristic Bahamian plants, 
most conspicuous among which is the so called grape tree (Plate XX.). 

After passing the range of Prospect Hill, we come upon large tracts of 
pines, and in the hollows and valleys between the hills, where there is 
more moisture, we find a richer soil, there being more red earth in the 
decayed amygduloidal aeolian rocks. In these low marshes and flats we 
find a peculiar flora, — a mixture of pines and groves of palmettos quite 
similar in character to the woods in some parts of Florida (Plate XIX.). 
In fact, with the exception that the country is more rolling, one might 
imagine the scene, by its clusters of palmettos and tall pines, to be laid 
there ; while in the more open spaces, where the forests have been 
burned ofi*, whole tracts are covered with bayonet palms and magnificent 
brushes of youug pines. 

The road running west as far as Cave Point is more or less parallel 
with the coast, and is flanked on each side with low bushes ; but the 
principal shrub is the grape tree. Further inland the slopes of the hills 
are covered with larger growths, and on the flats between the prolonga- 
tion of the hills, especially in the space formed by the extension of 
the valley in which Lake Cunningham lies, we meet fine clusters of pal- 
mettos and tracts of pine. 

The spurs of the shore hills extending in a northwesterly direction 
form more or less prominent spits nearly perpendicular to the shore line, 
according to the hardness of the rocks and their exposure to the action 
of the sea. The cave from which Cave Point derives its name is an old 
vertical cliff", which is now separated from the shore by a narrow belt of 
coral shore rocks which have been thrown against the reolian cliffs, and 
have formed also the small flat flanking the southerly extension of the 
spur of which Cave Point is the northern end. The cave differs in no 
way from the many similar caves which exist throughout the Bahamas. 
The cave is from twenty to twenty-five feet wide, and perhaps ten to 
fifteen deep in places. 
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From tho top of Cave Puint, about twenty Teet abuvc bigh-watcr mark, 
a road Icaila iit rif,'bt angtca to the aboro liue to Lake Killaniey (t'latv 
X. Fig. '2). TLo rood ruua ucarlj' luvcl tho whole way tu tho lake ; the 
country ia covt-rL-d with pines and cluiii[iii uf {«ln>ettoa until we atrike 
tho tnaiijgTove Hwniiip wliieh funiiH tho edge of thu lake. Ijike Killaniey 
is full of iiiaugrovu iiiluiidH, funiiiug very pretty viatu bctwecu tboir 
heaJiBDda, aiid occupies a ahallow niuk betwceu two abort raut^oa of 
axiliaD bills, aimilar to tlie otic furniiiig Ijikt: Cuuninghaii). 

Tho blutfa at C'liflou, which furui the vertical clilTa of the aouthwcstem 
eitreuiity uf the inlnud, are the teroiitmtion of tho awliau ruiiKo vt hilU 
exteudiiig nearly {Hirallel to the aouth iiborc. This ran;^ (;ruduiilly re- 
ceUtis fruui the Nbore, and the clilTa die out and are replaced by a lou); 
beacb liue, which eiteuda nearly unbroken to tbo ■uutbeaatcm cud of 
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would readily account for the deep oceau-holes, one of which has been 
sounded to a depth of thirty-eight fathoms. These caverns would^ if the 
islands sank to their full height, appear like ocean-holes in the general 
levels of the bank. 

Moss Hill Bluff shows also the manner in which hiige isolated rocks, 
sometimes twenty to thirty feet in height, like Cow and Bull on Eleu> 
thera, near the Glass Window, may be left as fragments of hills formerly 
much higher, but gradually eaten away on the sides where parts of the 
rocks are not protected on the surface by a coating somewhat harder 
than that of the surface n)ck immediately surrounding them. 

There are two bluffs to the north of Moss Hill, which now stand 
out like rounded knobs above the surrounding country, and which in 
time may appear almost like erratic boulders left high and dry, or like 
huge masses thrown up perhaps during a great hurricane. 

The solian rock sand from the bottom where we anchored is coarse 
and of a grayish color. 

t 
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SECTION ACROSS NEW PKOVIDENCE. 

A section of the island of New Providence in a nearly north and south 
line from Nassau to the south shore is most instructive. 

Leaving the shore at Nassau, we follow up Nassau Street, and at the 
quarries cross the crest of the ridge. The slope falls rapidly to the level 
of the extensive plain of Grantstown, which separates the^hore ran^re 
from the Blue Hills range. On the flat the exposed a;olian rocks are 
greatly honeycomlwd and weather-woni, the whole surface occupied by 
pits, banana-holes, pot-holes, and cavities of all sizes, which have formed 
in the more or less rotten rocks of tlie Grantstown flat. On both sides of 
the n»ad there are marshes and pools filling the depressions. It would 
require but slightly deeper depression to change the greater part of the 
mangrove marshes of this flat into lakes like Killarney, Cunnin^'ham, 
and other ponds which lie in deeper sinks. The p^eater part of the 
iJrantstown flat h covered by low bushes (Plate XVI.), with here and 
there patches of mangroves. 

At the foot of the Blue Hills we come upon the more or less amygdii- 
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luidal rocka which usually cbantcterito tbo tcolian rocka a little inland, 
ftvay fruni the immcdiuto actiou uf the sea, where the red earth whiih 
o»c4) filled the cavitiea has hccomo a [Nvrt of the rock iuwir. As vc 
rue we pass into the regular atratifiod leolian rocka, atill retniiiiug their 
on);iua] atructurea, and onlj' coat«)d with a thin ringing crust at tliu aur- 
face. On reaching the aiimmit and descending the hills, >e cumo ugtou 
a low flat,' which acpaitktes the Itlue Hills from the unduUtiiig plateau 
district known as the Seven Hills. These are aii or seven irregular 
ranges, slight uuduUtiuiis rocrelj', ruuuiug mure or less jiarallul with the 
Blue Hill range, which occni>y the coiintrj between it and the south 
shore. Those hills fidlow iu rapid Huccimsion, and arc [icrhaiiB twenty 
to tuonty-five feet aUive the general line of the alojw, which ends iu the 
low flat Iwhind the south lieueh. Tlicsc hills bLVouie Ionh and U-sa prutui- 
nent as wu gu south, and the last scarcely' rises above the llut just riTerrcd 
t». The shore plateau inuuediately Iiehind the l>ench is low aU'l swampy, 
lilk-d with clusters uf uiangrovos, and when we n'ach th<' beach there are 
citensive maiigruve Rats eiteuding some distance out (t'l-r alHitit half a 
mile) from the shore line, and iHtela of mangroves running ]>arnllel with 
the line of the tieaeh (I'lalc XVII.). This must evidently have U-iU 
formerly a mangrove swamp sitnilur to the one to the renr of the l>each, 
which occn]iie<l undnuhteilly a ]Hisiiiiin similar to it at the foot of a lew 
leolian hill in the valley Ivelween it and the next rangt-, or lietwecii it 
and the <.td shore line, whi.-h by siilwidence and erosion ban U-en brought 
to its pn-Bi'iit level. All the wny from the Hbie Hills to the mangrovo 
swamp the wgctation consisted of Hinall pine* thickly cro»deil together. 
In the more '•[xii s|NU'es youug pine shiHils were starting up iu all 
ilin-rtions, atid in the lower and more awam|<y districts iKtween the 
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New Providence to Northern Eleuthera. 

Plato X. FIss. 2. 3; Plato XI. FIs. 5; Plato XXXU. 

On passing out of Nassau Harbor, making toward Douglas Channel, 
we obtained the first view of the peculiar aspect presented by the low 
aeolian hill ranges forming the outer islands of the Bahama Bank. As 
we passed to the seaward of Hog Island we obtained an excellent view 
also of the sand beaches which form the western part of the island. 
Similar longer or shorter sand beaches extend throughout the Bahamas 
on the sea faces of such islands as are more or less protected by outside 
rocks, outlying islets, or banks or bars, from which the material for the 
inner beaches is worn away by the action of the sea and thrown up on 
the surface of the inner island. The sand beaches may also be formed 
from the disintegration of the more gentle slopes on the sea face of the 
»olian rocks of the inner islands. 

As seen from the sea, the outline of the outer islands is most charac- 
teristic. Seen slightly obliquely, such an island as Rose Inland, for 
instance, seems made up of a series of solidified dunes falling one over 
another. Rose Island is a long narrow island, the highest point of which 
ia not more than thirty to forty feet above the sea level, of about twelve 
miles in length. One might readily imagine from the distant outline 
that the whole mass of the island was moving bodily to the westward, in 
a series of low sand waves, under the influence of the prevailing winds. 
Rose Island is parallel to the range of islands of which Hog Inland may 
be called the centre. Long Cay and North Cay form the western exten- 
sion, while Athol Island makes the eastern extension. Parallel to Rose 
Island are Salt Cay to the west and Booby Island to the east, — the 
remains, perhaps, of the range of aiolian hills which formed the very edge 
of the northern part of the bank to the eastward of Nassau, very much 
as Egg and Royal Islands are the remnants of tlie ranges of the north- 
eastern points of the bank. 

Rose Island is perhaps one of the most characteristic c)f the Bahama 
Islands. It consists of a single narrow ridge of jeolian rocks, extend- 
ing for twelve miles along the edge of the bank. In continuation of it, 
on the other side of Douglas Channel, is Booby Island, a very simi- 
lar ridge. Rose Island is a low range of teolian hills, similar to those 
now running across New Providence ; it has become isolated by the sub- 
sidence, erosion, and destruction of the land of which it once formed a 
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flirt, little or wLiuh is luft. At the eaatcm eud of the ialwud, where it 
is widiT, ft Halt {lood cxii«t«. 

I'usijiiig iiitu DciiigluB Cliouuel, Itoobj- lalMid (Plate XXX11.), ■ loii); 
iMuren liiiu uf rucks, ia «ocu tu the cnatward, prt-scntiut; wr}- much tliv 
Mmu ujijicmraiice tm Koiw IiiUiid, with luw icoliiiu hilln, hut wilhuut * 
beach tu either tliu sea fucu or thu Imiili side of tlio rnu)^-. The CDiitroKt 
of the ajijiciiruiicv of Itouhy iHlmid, &a seuii from the l«iik or from the 
uortherii aidu, i> iiiont chuructcriistic. On the ava fuce it is one Hcriea of 
Koliau hill it]u[M!)i, piUil uiiL> ON tu^i of auolher, whila oii thu luiik aide 
thu HtivjMT hIojh! I'f the IiIIIh hiut Xmen cut rwu}' from tho Ihuw lu-nrly t<.v 
tile Hiimiuit, I(.-aviii)> oiilv a nerii'ii of rounded tii]M ou the hori/oiital liiib 
of the Humiiiits of thu vorticul khorc chfl'ti. I)u«>l>y lalaiid i» bnn!, with 
rvuiidud Humiuit, the whole Hiirfuco of thv iHlmid li<iiiL'rcoiiilH--<i more it 
k-M \>y the action uf thu wii. On both aidt-a of thu iiihiiid thu w&vtn 
htivu Diuilu tn^-ater or Ivm iiinxulH, niid have cut a«iiy thu lower iiartu 
of thu inlaml, eH|ie('iully nii the BuutheaHtem fiice, k-nviii^' niuiul thum n 
shallow Ixiuk formo) of dittiiitegrated a-<1ian r<«.-k, <.n which atiimul lif.- 
ia not pluiitiful — having <iii it a fuw )uit('hcs of G^inii'iiiumt ami of conil- 
llue alt.ie — cither uti thu Hen or thu bank face of the Hlmal. But an v.- 
gu into duejur water, four to nix fathomH, toward the Hti'i-p tulf-e of thr 
bank, in the dinvtion nf thu I'ntvideneo Clmiinel, wo i-omu ujxin niore 
or luMH utti'iiMivu [MituheH of eond heailH, itc]Mrat(il bv clear aand, which 
fomi an irrc^'ular U'lt of uuralH tu twvlve or to iiixItTn fathoMiH in dejith 
aluni: thu M-a fat-v of thu Wnk, from im northciuiturii uitn-mily to thu 
weitum end of Nuit I'nivj.leure. 

Siuniihiru ami fpia-r Saniphiru C'ajn have the name (.'unurul atruclnri^ 
u Hoohy Inland. Then.' in ]i'rha[M a little more low vt^etalion on theie 
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Xorthem Eleuthera off Current Cut. The Six Shilling Cays and other 
rocks forming the northwestern edge of the bank to the eastward of 
Nassau are all low, bare, eaten away at the base (the remnant of the 
Eleuthera-Nassau land), formed of seolian rocks greatly weathered and 
worn ; Fleeming as well as Douglas Channel being formed by the subsi- 
dence of the bank, of which the islets and cays and rocks are the higher 
summits and the channels the lower parts of the intervening space. As 
ve came up to Pimlico Cay we saw an extensive belt of angular scolian 
rocks thrown up along the north shore of the cay above high- water mark. 
The north face of the cays between Fleeming Channel and Current Cut 
has been greatly eroded, and the rocks rounded and honeycombed by 
the action of the sea. 

From Pimlico Cay to Egg Island round to Bridge Point there are a 
number of cays which have formed an outside line as it were upon 
the triangular extension of the bank to the norttiwest of Eleuthera. 
These cays are the outliers of the former Eleuthera land, having become 
disconnected from the main island. Of these cays we examined Egg 
Island, Northern Eleuthera, and the north end of Current Island adja- 
cent to Current Cut. The constitution of the islands was everywhere 
the same, of a^olian origin. The bottom on the bank where we anchored 
was made up of fine coral sand, with many broken shells, mainly bi- 
Talves. A strong current sweeps north or south through Current Cut 
according to the stage of the tides. 

From the western face of Egg Island an extensive reef runs parallel 
to Royal and IwusscU Islands, from two to three miles distant, as far as 
Bridge Point on Eleuthera, where it sweeps across the northern extrem- 
ity of Eleuthera and skirts the cays as far as the southern end of Harbor 
Island. The 100 fathom line runs so near the bluffs of Eleuthera, near 
the Glass Window, that the reef is interrupted, but reappears near 
James Puiut. From there it skirts the eastern face of Eleuthera as a 
fringing and barrier reef, and it extends south to meet the reef which 
connects Eleuthera, Little San Salvador, and Cat Island. From Eleu- 
thera Point it extends on the west coast, but rather irregidarlv, as far 
as Bamboo Point. It appears again in patches on the west side of Powell 
Point Channel, to the south of the Schooner Cavs, on the nortlieni edjre 
of the Exuma Sound Bank. From Ship Channel Cay to Wide Opening 
the corals on the edge of the bank are in from three to five fathoms of 
water, and the gaps between the cays are one mass of coral heads, with 
such passages as Ship Channel, Highborn Cut, Wax Cay Cut, and Wide 
Opening leading from Exuma Sound on to the bank. 
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la th« puakg«B — auoh h DougUs CluuiDel uid Flaeming Chumel 
^loading from tlio NortbeMt IVovideDoe ChkDDel on to the baok, 
«o (lud tbkt conl liuads exteud into tbree to four fatlKiina, ftiid tnny 
be fvund even at Ilim duptb. But tbo Iteadt *n not vigorous, and 
du not coinpMTO with tboM growing on the Ma fmce of tbo banks. 
1'bey occur evcrjwbfn: on the bauka in proxioiitf to the open wBten 
of tbo deep cbaunols, funning more or leu extenuTe petchea, aucb 
M aro kuuwu near Noawu, between Hog and Athol, aa tba Uariuo 
Gardens. 

On Btriking the open Itank itaelf, beyond tbe influence of the fringiiii; 
caya, utio caiiuot fail tu bo struck with the poverty of tbe fauna and flora 
upou tliis iTvut exfianse of disiutogratod a.<(ilian rocks. ^Ve found almost 
nothing ujmu the bank in tbe tine extending in a general way parallel 
to tbo northern edge, from Douglas Channel to tbe (ilaHs Window on 
Elvutliera , bere and there were to be met jMtchos of Millejmres or of 
tiort^iians, ur a few Mponges, very few niolluaks, small clustcra of Zos- 
tera anil of corallme algw, and a few bmken soa-nrcbins and shells, and 
here and tliure a CruMtacean or a llolothurisn. Tbo Ixittom was pisinly 
risihlc as we steamed along, tbe ground occupied by animal or vegetable 
life presenting a different coloration. 

Tbe lung cnys which are scattoreil upon tbe northeastern extremity 
of tlie Huhnniu Itunk to the northwest of Kleuthera are edged, as seen 
coming fnmi tliu north, l>y very low cliffs of Ktilisn rocks breaking in 
here ami there on the otherwise continuous sliore lino. The north line 
of cavN nru fairly sbellen-d from tbo violent action of tbe swell, owing 
to the width of the shallow liank which extends Iieyund tbem, and also 
br tbe line of (he coral reef which fringes nearly tbe whole width of 
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Eleuthera. 

Plate I.; Plata X. FIff. 2; Plales Xxm. to XXX. 

On both sides of the passage separating Northern Eleuthera from Eleu- 
thera the island is so narrow that the whole surface is washed by the 
spraj from both the eastern and western sides. The surface is free from 
Tegetable growth, and the incessant action of the sea-water and of the 
rains has honeycombed the rocks from the water up to the highest ridge 
of the cliffs forming the eastern edge of the island. These cliffs are per- 
pendicular, the heavy trade swells having broken off large masses of the 
eastern sides of the eeolian hills and gradually washed them off into deep 
water, the 100 fathom line not being more than about a mile from the 
shore, and often much less, except at three or four points where the 
island must formerly have extended from five to six miles farther east- 
ward, as off Savannah Sound, James Pointy and the northeast bank to 
the eastward of Man Island. These perpendicular cliffs extend north- 
ward and southward, and form the sea face of Eleuthera. There is no 
shelf of any width at the base, and only along those stretches of the 
island where the coast shelf has any width do we find extensive patches 
of coral reefs forming a sort of barrier reef; as, for instance, at irregu- 
hir intervals all the way between Eleuthera Point, Savannah Sound, and 
James Point, and again from Harbor Island to Egg Island, on the north- 
east and northern faces of the outside bank. 

The photographs (Plates XXVIIL, XXX.) will give a better idea than 
could any detailed description of the honeycombed surface extending 
north and south of the Glass Window Passage. In some cases the 
height of these little Gothic pinnacles is nearly three feet, and walking 
along the surface is very difficult. We met with similarly eroded sur- 
faces at many other places in the Bahamas where the islands are narrow 
and their surface subjected to the action of the spray or surf, in addition 
to that of the rains in districts with a scant vegetable growth. 

In the hollows formed by the disintegration of the surrounding surface 
there, are accumulations of red earth, and there a few isolated stunted 
bushes begin to make their appearance. They gradually pass into 
larger patches as we come to wider parts of the islands not influenced 
by the action of the spray, where the decomposition of the surface rocks 
has been limited to the action of the rains. From three quarters of a 
mile to a mile both north and south of this barren tract, which looks 
more like an area covered with volcanic scoriae, the vegetation begins 
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ttffun. Olid going south we soon pus iuto re^'iona thickly covered with 
the Bttine iiiidurbrusb which is so charncturistic of the altoruu of nil (lio 
lUhuiiiH iHlauda ; aud iiilaud we get [mtclies of aloea, of jiahiiuttus, and 
of the fureat treca characteristic of the ttnhaiuna. 

The arch of the liliuw Window was evidently fonucil by the uiidcrmin- 
■ng action of the hcOi which Httic )>y little disintegrated the underlving 
rock ) liiially the overlying arch gave way in jmrt, leaving an opening 
known aa the dloas Wiiiiluw, and remnants of the rock* funDing the 
arch lining the woatuni aides of the o|>oniiig. 




lli>th the nnrtheaat and northwest winds met nfMin the sonthrm ahnrea 
of NiiTthem Kh-iitherw, and are gradiinlly eating away the untcr nhurr 
ahclf, foniiitii! low vertical rlifTii, and lenvinK here and there nimicnnis 
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the Glass Window, is very much eaten away into low perpendicular cliffs 
behind a nearly Hat area of considerable extent, eastward of which rise 
the hills forming the eastern face of the island. As we proceed south, 
the western cliffs become somewhat higher (Plate XXVII.), as the west- 
ern hills composing that part of the island, instead of being cut away at 
the base like the northern hills, have been cut away at a considerable 
distance inland. To the eastward of the outer western range are piled 
three to four, or even five, irregular rows of seolian hills, the sides of 
iirhich encroach one upon another, and form more or less irregular 
raDges of hills according to the width of the island. 

Even a casual examination of Eleuthera and of the adjacent islands to 
the northward and westward cannot fail to give one a very fair impres- 
sion of the forces which have been at work on the Bahamas to bring them 
to their present condition. 

Northern Eleuthera is nearly disconnected from Eleuthera by the gap 
forming the passage to the south of the Glass Window. Through this the 
sea breaks at high tide, and during a heavy swell the wash covers the path 
leading to Rock Harlx>r. The solian hills which form the westward 
limits of the bay are protected from the sea by Harbor Island and Man 
Island. They are the inner range of hills which w^as once separated by 
a low flat from the outer range of which these islands are the remnants. 
With the general subsidence this flat has been changed to the shallow 
bay forming Harbor Island Bay. The action of the sea coupled with 
subsidence has in its turn formed the passage between these islands, 
as well as between Current Island and the western spit of Eleuthera. 
Similarly, George, Russell, Royal, and Egg Islands, with the adjoining 
rocks and islets, have l)ecome separated, and are left as tlie outcrops of 
a greater Northern Eleuthera which occupied in comparatively recent 
times perhaps the whole of the northeastern extremity of the Great 
Bahama Bank. 

The action of the northwesterly and southwesterly winds along the 
western face of the islands has completely washed away the western 
ranges of hills which undoubtedly once formed a part of Eleuthera 
proper. The more southerly extensions now forming that part of the 
island from Palmetto Point to Eleuthera Point are the remnants of 
these ranges, the more prominent being the hills extending from Eleu- 
thera Point to Powell Point, the outlyers to the eastward of which are 
the Schooner Cays, Finlay Cay, and the great sandlK)re bank to the 
eastward of the so called Middle Ground. This shifting bank we can 
readily reconstruct as a part of the greater Eleuthera, New Providence 
Island, to which I have already referred. 
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Tba condition of the westera ttux of Eloathera ibowa ftdmirabljr tbo 
method of erosion, diaiutcgntion, uid dnuudfttion which has taken pUc« 
OD the inner Taoe of an iilaud facing the great bank of which the part now 
worn away must once have been the aummit aurface. 

Gtiing aouth frunt the Glaas Window, we keep auflScientljr within aight 
of the laud to read, aa we paaa along, ita fonner history. About two 
nilea aouth from the " Cove," where we anchored, begin a aorioa of ver- 
tical cliffs, which continue almost uninterruptedly as far as Hatchet 
Point They are full of holes and of small caverns, ribbed with atalac- 
tites, giving the face of the cliffs, not only here but everywhere nearly 
iu the Uahanios, the appearance of basaltic rocks, more or Icm eaten 
away at the liasu. The cliffii are the remnauta of the headlands, which 
have been worn away firat, leaving only here and there a slope reaching 
fhini tbo inner hills to the ahore. All along the west coast there is eicel- 
leut sponging and lishing for large concha. We fuinid concb-aliclla and 
fVaginenta of corala thrown up fully twenty-five fvet above high-water 
mark, and lighter fnigmcnts ofahella and dried stems of (> orgonians blown 
by the winda to the bigbeat points of the billa on each aide of the Glass 
WiuUow. 

Dana dcscrilm the surfsoe of itetia, an elevated corat ishind which 
prcaenta, I should say, much the aamo t)oueycomt)cd ap]>caninco ao char- 
acteristic of the nioro oipoaod and weathered islands anil isleta of the 
Bahamas, especially as seen at (be (ilasa Window (see Ilate \XX.)> I(* 
shore cliffs anil rounded summits present a atriking resvinblance to sonic 
of the Bahamas. Comjiare the Sgure given by Dana (C'linds and Coral 
Islands, pap,- Ill3) with the figures I have given of the Itahama a-olian 
hills and dilTs. 
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width of more than eight miles (Plate X. Fig. 2). This muit at some 
time in the history of the bauk have formed an extensive lagoon or flat 
Tery similar to the lakes and flats now existing on a smaller scale at New 
Providence. 

Although from abreast of Savanna Sound to Powell Point the general 
aspect of the island continues the same, yet from the altered trend of the 
shore its outline is greatly changed, and the island widens out between 
Powell Point and Elcuthera Point and extends eastward to form a long, 
irregular triangle, deeply indented by Tarpon Bay and liock Harbor an- 
chorage. The low spit forming the outer barrier of the harl)or seems to 
be of recent shore sand origin, and not to bo the remnant of some wider 
promontory. It is similar in structure to the few beaches and spits of 
recent origin which here and there have been thrown up to form small 
lagoons or barriers across headlands in favorable localities, where they 
are exposed to any length of reach of wind, as this point is to the north- 
west winds, which often blow here with great violence. 

We leave the bank by a shifting chaimel leading from Tarpon Point 
by the sand spit to the north of Powell Point, to the westward of which 
lie an extensive flat formed by sand bars, and a few low isolated cays, 
like the Schooner Cays (Plate X. Fig. 2). This flat separates Exuma 
Soand from the deeper water on the bank to the northward of the 
sound. The shilling character of this channel is well shown from the 
fact that, drawing eight feet of water, we passed safely over a bar marked 
one foot on the chart as corrected to 1882. This extensive flat, filled 
with numerous dry sand bores, extending from Schooner Cays on the 
east to Finley Cay on the north and the Sail Rocks on the south, may 
mark the position once occupied by the westward extension of Eleuthera 
Idland. 

Entering Exuma Sound we skirted the Sound shore of Eleuthera past 
Rimboo Point to Eleuthera Point. The whole of this face of the island 
is low, the a^lian hills not rising more than twenty-five or thirty feet in 
height Near Eleuthera Point the rolling hills become slightly higher, 
some of them reaching forty to forty-five feet, — as Miller Hill, for in- 
stance, which is noted on the charts as forty-five feet higli. There are 
numerous disconnected beaches on the Sound face of Eleuthera. The 
100 fathom line is not more than two miles distant from the shore line, 
falling abruptly from the 10 to the 15 fathom line. Between Powell 
Point and Bamboo Point it is less than a mile off* shore. Tlie eastern 
extremity of Eleuthera Island at Eleuthera Point shows admirably the 
action of the sea in l)reaking throu^^h the long and narrow spit which 

TOL. XZVL — KO. 1. 8 
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onc« must hftve connected Little San Salvador with Eleuther* lalaiid. 
and gradually reducing it to tko bank which now alone fomi> the con- 
necting link, after baviug worn away tbo iHlaud* fint funued, Iho rcm- 
nanta of which btill exist oa a seHea of iaulati-d iiilctB and rocks cilcnding 
to tho line of brvakcra to the east uf Eleutliera I'oiut, while hero and 
there a single rock may itill bo detected standing in the brcakerm. 

Little Sao Balvador and Cat Island. 



Little San Salvador, and the islets nn<l isltiiids between it and the 
oortbera cud of Cut Island, are llic lant TCMtit.'cti of the foniicr Inud 
etteimion of Cat Island, when it niiiHt have covt-nd ucarl)' all the a\>ai-e 
DOW limited by the 10 fnthum line to the eastward of (he islnml, fn<m 
Hawk's Nest I'uiiit to- Little Sun Sulvndcir. Little Kan Sal viidur wilt 
eventually diuipjicar. It ia now low, uol more than twenty fi-ct hi^h, 
and a long beach broken by sii or seven rocky hititfa foniis its luilerly 
hce. 

Cat Island, where wo anchored off Onnge ('reck, is interesting na 
having the highest land of any of the islands of the [taliainaa. The 
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hills become lower as we proceed south, and then rise again to form the 
rectangular shank of Cat Island extending from Hawk's Nest to Colum- 
bus Point The highest hills of this part of the island are to the 
northwest of Columbus Point, on the western shore, near Fernandez 
Cay. There are a few isolated patches of reefs on the northeastern ex- 
tremity of Cat Island, but none along the narrow bank formed by the 
100 fathom line, extending from there to Columbus Point. To the east- 
ward of Hawk's Nest there are patches and stretches of coral heads, 
forming an excellent reef harbor. Port Howe, between the Devil's 
Point and the Bluff. 



Nassau to Harvey Cay. 

Plate I.; Plate X. Fiff. 2; Plate XXXTI. 

Passing out from Nassau to the eastward, Potter Cay divides the 
main channel into two parts, one of which is quite shallow. The seolian 
character of the low hills forming the base of the promontory at the ex- 
tremity of which stands Fort Montague is well marked, and as we steam 
out we can see their continuation to East Point. On the other side of 
the channel we pass a series of low islands,^ Hog, Salt Cay, and Athol, 
on the last of which stands the lighthouse. Their southern face is formed 
of low vertical cliffs ; the vegetation upon these islands is scanty. 

Dredging occasionally beyond the eastern channel, we brought up 
notliing except algje and conillines ; we passed a few patches of coral 
heads and c)f Gorgonians, generally opposite to openings between outlying 
islands which give a freer access to the water from Providence Channel. 
Our course lay southeavSt from the Porgce Kocks, and for a considerable 
distance we passed over a bottom nearly barren of animal and vegetable 
life ; it consisted mainly of clean sand, with here and there a coral patch 
or a cbister of Gorgonians ; but the farther south we steamed on the 

^ It eeems to me that the explanation piven by Dr. Northrop (Trans. New York 
Acad, of Sci., Oct. 13, 1800) rcpardinp the formation of the cays north of Nassau 
Harbor is not the correct one. Tliey owe their existence, not to the coral sand which 
has been thrown up from the outlyinp coral reef, but to the denudation and erosion 
of an outer line of acolian hills parallel to the Nassau ranpe which forms their base- 
ment. It is true that upon their sea face coral sand has been heaped up between 
the headlands of the aK)lian hills coniposinfif the cays, and sometimes blown to a 
conitiderable height to form broad and hiph beaches, as on the sea face of Hog 
laland, but the eolian rock underlying them crops out in all directions, especially 
on the south side of the cays. 
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bank, the Icn numernus tlioy beoune. The Buns wm the cue alao 
when «'u crtHUtcd tlio bank from Naasau to the Glau WiuJuw; tbc 
patches or (lur^miaua wuru oiora iiuiiiurouB oa loDg u «o kc|>t in the 
vii^iuity uf the line uf cayH cxteudtDg from Xav Pruvideuco toward 
the K!efi)iin}{ Channel 

On nntchint; the >u called Midilte Gronnd (Plate X. KiK- -\ wo came 
upon a niius of IwrKoniiiua and uural heada, thruu|;)i which our pilot 
pickoil liM ws; by sight. Thia atretch of coral aud l•uf)^>nia gronnd 
(lid uiit cilcnd far ; we soon |>aiiacd out uf it uxl were Imck nptin upi>ii 
the UMUul utud l><>tti>ui, nearly Iiaro of iihinml and vetrctuhle life, with 
onW ut) •>ceiMiinml |Nitch uf condi) ur CiurKoniiuia. W'v next iitnn' n|i<Mi 
the line uf c»>h vxtendinK aoiilh uf the Ship Clmnncl, and wire in plain 
ai^l't of the usdian lidla and clilfs of Kiwldle C»,v nnd N..rman t'ay. The 
tmnk aa wc (jo aouth ountiiinea Inro of animal life, nu (iitihra even of 
<:orK"nianHorcluHt<-ni(irh('udat>f uorul to Ik'hccii in any direction. Ijiler 
w« contd ace the vert iiid faces ao charactcriatic of the wViiteni aiden of the 
cayit m the vicinity of t'oncli <'ut, and tu the rHiuth uf that the ic<dian 
hilh U'lonKiiiK to the chain of caya to the north of Harvey <\v. 

ConiitiK u|Bm Har^■ey Cay, Hitter (iuana ('ay, ami (Jn-at Ciiaiia Cay 
fVoin Ihc ui«t, we were able to fonn an cxcclluit idea of the eliaracter 
uf the ahores uf the laru^'r caya which are aomenliat pn>lf<'tcd fmni the 
action uf the trade wind nwdla. Their atnieliin.' in the more striking 
in ivmlniNt with the oiiltyini: aniall low and wnlcr-woni cava uliieh rhnr- 
arlcritc t'onch Cut anil Itndilcr Cut. TIkw Ir.w iahta an- mere le<lt;r« 
of nH'ka riaini* but a few fi<et alH>vo the water line, an<l likely tu atand 
hut n cum jianiti rely Hhort time aa a lurrier tu the iiirouda uf the aea 
iijwm the larjicr inner cnya. 
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kind of sticky marl, — greatlj decomposed aeolian sand. The nature 
of the bottom is accurately noted on the charts, and from the exarainar 
tion of the many samples collected it will be quite possible to give an 
excellent account of its characteristics. 

On our way south we attempted to reach some of tlie ocean-holes 
marked as existing near Blossom Channel. Unfortunately the sea was 
too rough, and it was imjiossible in the disturbed condition of the bottom 
to recognize their position. 

Harvey Cay is connected with the outer cays to the south of it by a 
number of small low cays, half eaten away by the action of the sea, which 
reach to Exuma Sound. Tiiey form a series of narrow pandlol lines 
of rocks, with passages like those of Kudder Cut between some of the 
cays. These islets are in every respect siniihtr to the numerous small 
islets we saw as we passed through Conch Cut (Phite XXXVI.). They 
extend across the passage between Harvey Cay and Great Guana Cay. 



From Harvey Cay to Great Ragged Island and Crolumbus 

Bank. — The Sand Bores of the Bank. 

PlAto L: P1»t« XI. Tig*, 3, S; PUte XII. Fiffs. 1,2,4; Plate XXXV. 

The passage round Galliot Bank gave us an excellent idea of the alter- 
nating channels which exist between the different sand ridges running in 
a westerly direction from Galliot Island to the Barracuuta Rocks. The 
navigation is entirely by the eye, and tlie bout is forced across the deep- 
est part of a terminal ridge or of a lateral spur into the nearest channel. 
To the windward and leeward we could see on each side three or ft)ur 
additional l)ores, parallel in a general way to the two between which 
we were steaming. The channels and their probable depth were fairly 
indicated by the color of the band of water separating tliein. This 
bank is very similar to the bores to be seen on many other parts of the 
bank. The sand bores and sand spits separating the channels are 
plainly indicated by the light emerald-green color of the water, which 
is in marked contrast to the darker purplish color of the belts of diicper 
water forming the navigable channels. 

Of course, where there is such constant disturbance over the bottom, 
and shifting of these large sand masses in accordance with the action of 
the winds prevailing for any length of time, as on the Galliot Bank, we 
were not surprised at finding the bottom bare of all animal or vegetable 
life. 
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Some of tbe ahkllower parta of the bwik ue pnctically impusable 
even fur the ninalleHt boats, owiug to the eiisteoce of extensive etretvlies 
covvrcd by shifliutf sand bores more or leas exposed at low wati-r, wtieu 
tbey drill like uulion sand in tliu diroction of the prevailing winds, or are 
run into more or lew broken ridgus |iantllul with the dinvtion of the 
short sens breaking over the fluts. Suuh tracts on the Urcat llahama 
Itank ant formed on the northeast part of the bank eilunding ten milea 
to the wcHtward of the Iterry Islands, where we find the water on the 
buuk varying frum a i|uarter fathom to a bthom to the westward of the 
cays, and extending to a lino running diagonally acroM the Iniik fnim 
the Northwest Channul to Ureat Stirrup Ony (I'late \ll. Fig. 4). Ai>> 
other track extends tu the north and itiirtbweHt of Audros, al>out Iiriecn 
mites to tliu wtntward of the Jonlter Cuys (i'late XL Fig. S). A similar 
small patuU runs jwralli'l with the southeaat end of Andnis for > distance 
of ikuurly ten miles, extending westward from Ciirley t*iit Cays and rising 
from the great sand list, whiuh increases very gradually in depth as we 
go west, having a depth of oidy two fathoms fifteen mih-s Bouthwest of 
the cays and three fathoms at a distance of twenty milea in llio same 
dirccliou. Kitcnsivu liuroa also occur to the eastward of the Iteminis, 
and a belt of sand \tona varying iu width from ouu to live mdfs extends 
firom eastward of (iun Cay tu South Hiding Kock, a distance of wore 
than twenty -five milc& 

There are also a number of such borea on the Mackio Itank, to the 
eastwnnl of the Ik-minis {I'lnte XII. Fig. 2), and between that and the 
Northwest I'assage another extensive tract, foruiing a Imnk of nlH>ut ten 
milea by eight, travcraed by numerims sand ridgea, carrying from una 
and three iiunrtefH to two fathoms and from two and a half to three 
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district ; but the number of species is not so varied as upon the other 
kinds of bottom. 

By far the most striking of the sand bore districts is the one which 
forms the great sweep of the southern cut-de-sac of the Tongue of the Ocean 
(Plate XIL Fig. 1). South of the cays to the southward of Washer- 
woman's Cut (Plate XL Fig. 3) is a tract of about ten by fifteen miles which 
is a mass of sand bores, many of them dry. To the eastward for a dis- 
tance of thirty-five miles they run in a southwesterly direction, at a sharp 
angle with the course of the 100 fathom line. In this part of the bank 
they are broad ridges, more or less undulating, some of them half a mile 
in width and sometimes twelve miles in length, often nearly dry in places, 
and with from one to three fathoms on the ridges, separated by broad 
channels with from four to six fathoms of water. Some of the wider of 
these channels are regularly used as approaches to the interior of the 
bank, and are known as Queen's, Blossom, Tlmnder, and Lark Channels, 
through which vessels bound for Cuba cross the bank, coming out either 
through the Man-of-War Channel, south of Flamingo Cay, or running 
west of the Ragged Islands and crossing the Columbus Bank. The east- 
em extremity of these sand bores is formed by a tract of narrow sand 
ridges, with deep water between them, extending some fifteen miles 
along the edge of the bank on the eastern face of the Tongue of the 
Ocean. 

To the eastward of Hawk's Bill Rock there is a line of sand bores to 
the south of the line of small cays reaching to the centre of the west 
shore of Great Exuma. To the west of the north end of Great Exuma 
occur a series of dry sand bores, with from one to two fathoms of water 
between them. They trend in a westerly direction, and run north, where 
they join the southern bores of the Galliot Bank. An extensive series 
of sand bores, many of them dry, runs east from Green Cay across the 
bank to within about ten miles of Conch Cut. During one whole day's 
sailiu'^ from Harvey Cay south nearly to our anchorage off Flamingo 
Cay we did not come across any patclies of Gorgon ians or of coral 
beads. 

The Brijrantine Cays, the Barracouta Rocks, and Hawk's Bill Rocks, 
low cays and patches of ©olian rock, are the fragments of the western 
extension of the northern extremity of Great Exuma. 

When we reached our anchorage off Flamingo Cay, we found the bot- 
tom a mass of broken shells, of fragments of corals and Gorgonians, and 
covered by Nullipores. As we approached Flamingo Cay we came in 
sight of some of the small islands forming a part of the chain of cays 
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which extend* in kd euUrly direction from Flamingu Cajr ftlong the 
eastern curve of the bank towuda the vcetern ext«nsiou of tlie ceutiml 
■pit of Long IiUnd. Thew cay* are well ruuoded and weatberol, pre- 
senting the usual featurvti of cays formint; the broken wall which now 
deuntea the former eitonsion of the Itagirod Caj aud Flamingo Ijind 
to the westward till it perhaps once fonned part of the Audros, Lofaos, 
Orange, and Bernini Land. 

Some of the cliffs of the western face of Flamingo are high, separated 
bj sntal) coral and uulian sand beaches. The high ciiral sand ticaeh 
opposite our anchonige fomiod the sea-wall of a sniali la^pKia Tbo 
soutlieni end of the beach waa funned by fragments uf cuuchs of nil 
■iie* up to nearly perfect sheila, cementnl t^qj:etber with n-olian suncl, 
fragments uf ounJs, and broken abells, fomiiiig a splcndiil breccia. Tli^ 
sbetls in the taguun uf Flainingu Cay were very much smaller than 
■pocintona of Uio hhuiu sjivciLii thrown up ou the sea face of the bench. 

After [uuwing Hawk's llill [tank wo came ii|>on jialchea of cor.tls and 
Gorgouians, which U-caiue mi>ro extensive a* wo Bp|>ruuched Flamingo 
Cay, the water at the same time Imconiing siimewhat dvcjier and clearer, 
the bottom Iwiiig leas nirvcted by the action of ttte M-as due to the pre- 
vailing windn. 

l-laniingM Cay {Plate XXXV.) ia coropantivety well cavere<l by vegi"- 
tatiou j there are many wild guara bushes and Hhnibs. The wiilian 
roclu, as seen ou the two siiles of the lamling Iwacli, an> greatly erodctl 
by tht) action of liutli fresh bimI salt water, the whole aiirfuco uf the 
roKnde<) atilian liillM Wing pitted and honeyeonilie)!. Tlic ai'linii rucks 
of Flnninigo Cay are ninch hanler than ta usually the nuw with the 
rolinn nicks «<> clone Ui the *m-Bhi>re. The cays to the south of Fla- 
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None Cajy which is quite fertile, are bare, or support at best a very 
scanty vegetation. 

From Nurse Channel the chain of cays continues toward the Great 
Ragged Cays. We pass the white cliffs of Nurse Cay, with its low 
aeolian hills forming a slightly undulating line on the horizon, separated 
by a narrow channel from Buenavista Cay. Next come Racoon Cay and 
Double-breasted Cay, all very bare of vegetation, with here and there a 
long coral sand beach separating the low cliffs formed by tlie eating away 
of the base of the seolian hills which form tliis chain of cays. 

The disintegration of the formerly existing land masses, and their 
breaking up into smaller masses or islands or islets, and finally rocks 
and sunken banks, is also in great part a process not entirely due to the 
mechanical action of the waves. Both the «K>lian and coral shore rocks 
become most friable when saturated with sea water, so that large masses 
are constantly sloughed off from the base of the hills which project into 
the sea. These fragments of greater or less size are themselves rapidly 
disintegrated by the same process, resulting in a coarse sand consisting 
of fleolian or shore coral sand, which helps to form the small beaches so 
frequently separating indistinct headlands marked by vertical cliffs. By 
this process, beaches, small bights, or diminutive harbors may be formed 
ID the midst of faces of high or low cliffs, parts of which have been 
affected more than others by the action of salt water. 



Ooean-Holes. 

Plate III. 

May we not to a great extent measure the amount of subsidence which 
must have taken place at certain points of the Bahamas by the depth 
attained in some of the so called ocean-holes, as marked on the charts 1 
Of course we assume that they were due in the rcoli.in strata to the 
same process which has on the shores of many islands formed pot- 
holes, l)oiling holes, banana-holes, sea-holes, caverns, caves, sinks, cav- 
ities, blow-holes, and other openings in the aeolian rocks. They are all 
due more or less to the action of rain percolating through the a}o1ian 
rocks and becoming charged with carbonic acid, or rendered acid by the 
fermentation of decomposed vegetable or animal matter or bv the action 
apon the limestone of sea water or spray under the most varying condi- 
tions of elevation and of exposure. None of them have their upper 
openings below low-water mark, though some of them may reach many 
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feet below luK-wntcr level. UceaD-holea w«n fonsed in m iimilu- wnjr Kt 
a time when lliut part uf the bank where they exist wu above faigh'Water 
■iiark, Bud at a siilficieiit height above that poiut to iucludo its dcopeat 
part. The Hulmideiiee of the bank bu carried the level of the mouth 
uid i>f t)ie buttnu) uf the bule hclnw high-water mark. 

From the deitoriptioii of the stntta wjiii-h erop out upon the Iwnka in 
the vi<:iiiity of wimc of the oeeaii-holea at Ittue Hole Point, there wevmt 
to be littlu doubt that the HtratiGcatiuu charavteriatic of the nolian rocks 
haa been olmerved. 

The prinuijiut iH'eaii- holes, Blue Holes, ore the followitiK : one five to 
ail miles fmni Iluwk'ii Itill llock; three, of ei(.'htceii, tweDt^r-foiir, and 
thirtven fitthomH, a little east of ourth of itiue Hole Point, cath about 
five miles a[iart on a northerly liuo; and two, of seventfcii and thirty- 
eight futbouia, ill the extension of the line of lllussom Channel liwdtng 
frum the 'I'oitftue of the Oeeaii upon the hunk. 

I am able, thnnkx to the kindness of Captain Wharton, the Itydmc- 
rapber tt> the Admirutty, to give tbrco sketcht.'s of these ISlue Holes, 
showing; the ehanu-terof the stnmdiugs around them (I'lnlo 111.). They 
are such aa wu shoiiid ex[>ect to olitaiii from any [Mrt of the cays where 
there are many litiht holes, if sunken below the level of the sea. 

At other |diu'fs on the Wnks ocean-boles are snid to exist. Among 
those not on the rlinrtn, 1 may mention a fifteen futhom bole at High 
Point. AndroH, and a twenty fatlnmi bole in the Middle lti);ht, iK-lweeu 
Uilmon t-iiy nnd Itig Wood Cuy. I>r. Northn.p has examined some <.f 
the orean-holes of Andros, and lias given a descriptiou of those he 
visit*-"!,' 

Kxi'e]it ill ttic ease of some welts at Niissnii, there has lieen uo oliser- 
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sense of atoll lagoons, but are merely small pot-holes or former banana- 
boles which have come to be below high-water mark. Certainly there 
seems to have been nothing written to prove that the present con figura- 
tion of the so called Bermuda atoll is directly due to the formation of 
the conil reefs which are still growing upon the bank, and their increase 
in thickness owiug to the subsidence of the bank. I sliall return to 
this subject in the description of my visit to the Bennudus. 

In the shallower places on the Baliaina Bank the wiiole body of water 
was discolored by the presence of sand stirred up by the action of the 
waves, and it is only natural that in all tliose parts of the banks 
where the water is constantly rendered turbid by moderate wiuds we 
should meet with so little animal life ; for Gorgouians and corals can 
only flourish in clear water, and even corallines carmot obtain a foot- 
hold where the ripple-marks are too frequently changed or the bottom 
sand is in constant motion. Between Nurse Cut and Kacoon Cut very 
little animal life was to l>e seen on the bank. After passing Kacoon Cut 
we came upon a good many patclics of coral heads and Gorgonians. At 
the same time the water was gradually deepening to the westward, and 
we seemed, steaming parallel with the general trend of the cays, to be 
cutting across a number of sand spits about at right angles to the shore 
line of the cays, and trending in the genenU direction of the prevailing 
winds. 

Great Ragged Island. 

Plato XI. Fiff. ff. 

Great Ragged Island, the most southcrlv of the cavs on the Great 
liahama Bank, does not differ in structure or appearance from the other 
cays of the group. The rocks are scoVmu, hard, full of caverns and 
cavities in the cliffs of the west side, with here and there fine sand 
beaches l)etween the spits of projectin^j rocks. At our anchorage tlje 
coral sand was much coarser. After leaving? the anchoraire we passed 
Hobson's Breakers, to the south of Rajrged Island, which are all that is 
left of what must once have been an island of considerable size. 



Columbus Bank. 

Columbus Bank, which lies to the southeast of Rairired Island, is fully 
exposed to the swell of the prevailing trades. Whatever cays on^e ex- 
isted upon it have disappeared, with the exception of Cay Verde and Cay 
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Sui Domingo. Tlie dopth of mUr upon tbii buik ii oousidenilil/ 
greatur tbtiu u[xiu aiuilitr atretokM of tbo BahmmBa, Ilttra and tlien 
pauliea uf hIiuIIuw water ar« dutted over iu aurfaco, but tbe average 
depth variiM frimi hvou to eleven fatboma. Tlie Ma at the tiiuo «« 
cruHMd it wiw i|ititu ruugli, aiid tbe action of the heavy awell upon that 
put of tbo Uuili uitut be ([uite offuctive. 

Long Inland. 

FlaU Z. rig. •; PUM XI. Fig. t. 

From the loutbwuati-nk hUo of Eiuma Suund extendi Long Iidand. 
which project* fur out fruiu the aii^flv of the bank. The culeni dhora nf 
Long lalaud in uiade up of a mirm of u.-oliaii billii, with iiion.- or lew 
■teop faww to the ova. It* hi^hoHt [loint in one hutulrud and fifty 
feet. The talmiil in narrow, oflvu not tuora than a niilu in widlli, 
varying fruui tliut tu Utilu niurc than three. It tlaiili* the L-aatem 
faw of thu most cuiHtiTly cxteniion of the dreat Itulianm Itaiik. The 
100 fatlioiu Une i> f^nurally within two niilva or eo of tbo vuiitoni abcre 
line. South of t'lnreniw Harbor the ivland fonn* a \iiu\i narrow *pit, 
miming aouibetuit with thu lOU Aitbom line within a couple of mile* ou 
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From Clarence Harbor we crossed to the west shore of the island. 
The salt ponds near Clarence Harbor are separated from the sea by an 
outer range of teolian hills. From the level of the ponds we gradually 
rose to the top of the second range, perhaps eighty feet above the sea 
level, and then gradually passed down the sea face of the sloiie of the last 
seolian range to the low western shore. Here we found a long, narrow 
lagoon, Salina Flat, formed by the throwing up of a low outer bank of 
seolian sand receutly washed up and inclined at a slight angle to the 
sea. The lagoon, which skirts the western shore of the southern part of 
Long Island, is about twenty-five miles in length, extending to the south- 
ern extremity of the island. To the northward, what is now a flat must 
have been a wide lagoon ; only a part of the southern end of the bank 
which once separateil it from the sea is now left. In fact, as will be 
shown later, Long Island, with the string of islands extending north of 
Exuma as far as Ship Channel at the north end of Exuma Sound, 
and the line of cays forming the curve of the southeastern face of the 
Great Bahama I>ank as far as Columbus Bank, are the remnants of what 
must once have l)eon an extensive island. This island gradually l)ecame 
separated, first into a series of islands closely packed together, and later, 
hy greater subsidence, into the innumcmble islands now forming the east- 
em etlge of the Great Bank, the islands and the Creat Bank itself being 
all that now attest the existence of the island or islands which must once 
have covei*ed the bank inside the 10 fathom limit. 

Lonir Island is noted for its manv raverns. ( )n the road across from 
Clarence Harbor to the west shore we could not fail to be struck with 
the many pot-holes, banana-holes, sinks, and other sijrns of the extensive 
denudatiim to which the woliau limestone rocks forniinjx t!ie hills had 
been subjected. The accumulations of red earth here and there add 
their testimony to the extensive action of niins, which must have carried 
off the surface of the hills as they percolated through the fissures of the 
rcH'ks and forced their way, little by little, through the porous mass, to 
fnnn the numerous and often extensive caverns which are met with in 
everv direction.* 

In many parts of the island we passed throujrh forests with trees of 
quite a respertable size, such as lignum-vite, pi»lLreon plum, tamarinds, 
and the like, givin;^ us an idea of the fine forests which must have 
covered some of the islands at the time of their discovery by Columbus, 

^ Perlmps the most extensive caves of the Bahamas are those of East Caicos, 
described hy Sharpies (Proc. Boston Soc. Nnt Hist., XXII 247, 1883). 
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tnii in marked contrnnt to the pine-coTercd caya of Andnw, New Provi- 
dence, und tlie Little Buhftma KunL.* 

Kroin C'a|>« Verd north the coast of Long Inland is funued \iy low 
rouiidctl uuliuu btlla with gentle slopes to the eastward; it then passes 



into r 



Clart.-ii 



nui;li higher hillii, the base of which ta funned hy Tcrtical cliffs of 
I rock, eitviiiliiig to the southern eitraniity of tht' <i|><.-uing of 
a Harbor. To tho north unjIIsu hilln of varying hvlKhts siictTcd 
onu another, flunked tti the castwsrd for aiinoHt the wlinlf letitjth of the 
island to its northcni eitrvniily hy vertical cHR'i' full of hnlfs and cav- 
erns. At a Nhiirt distance south of Cape Santa Maria these cruded cliff^i 
are quite striking. 




At tho landing place tho shores of ('larcnco I!arlH)r coniiist of recent 
coral Mind Ntmta, dipping slightly to tho sea. The sntntnit of the riilp) 
of inii' uf the inlands funning tho outer Iwirrier of tho harlHir, any twenty- 
five feet alHivu hiKh water, was formed of anilian riH'kn ; on tlie inside, 
niiind tlie haiie of it, shore coral de|HisitB had colh-cted, whii^h were et- 
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masses are hurled inland and deposited far above the ordinary high- 
water mark. All the way along the sea face of Long Island we passed 
large masses of gulf- weed; many of these patches more than twice the 
size of the yacht. 

The difference in the aspect of the vertical cliffs in different parts of 
the Bahamas is very marked. If formed at the base of the gentle wind- 
ward slope of the a^olian hills, they are low and of very uniform height, 
especially if that face is the bank face of the island ; but where the lee 
face of the hills — lee when formed — is also the sea face, the cliffs 
are on the steeper slope of the seolian hills, are far more irregular, and 
their height varies greatly, according to the height of the hill which 
is attacked and the distance inland to which the action of the sea has 
reached. 

The corals do not form a regular reef off the east face of Long Island. 

The Exuma Islands. 

Plate X. Fig. 5 ; PUte XI. Fig. 1. 

To the west of Cape Santa Maria, Long Island has disappeared, leav- 
ing only a shallow bank flankiug it for its whole length and connecting it 
with the Exuma Islands. From the central part of the western line of 
these islands extends a long, narrow spit, the only mark of the former 
extension of Long Island in that direction. It must have been a con- 
tinuous shore, forming a great curve, indicated now by the row of islets 
and rocks which flank that part of the bank, extcndiui^' in an unbroken 
line to Flamingo Cay, and from there by Seal Cay and the islets run- 
ning to the north of Columbus Bank from the Ragged Cays as far as 
Nurse Channel. 

Great Exuma is the largest fragment remaining? of the land which once 
formed the eastern edge of the bank flankinj? the west aide of Exuma 
Sound. Like the many islands, islets, and rocks extondinjr northward as 
far as Ship Channel, it is built up of reolian rocks. Georsrctown, the prin- 
cipal port of Exuma, lies upon a long inland sound studded with islands, 
and sheltered from the outer sound by a series of low outlyinjj: islands 
which form a barrier against the force of the trade swell, which gains 
considerable force over the forty miles or more of sea-way from the east- 
cm side of Exuma Sound. These outlying islands are themselves gradu- 
ally being eaten away, and were once also a part of the greater Exuma 
land, which has little by little become dismembered by the action of the 
sea upon the subsiding seolian hills. In the inner sound, which extends 
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for manj mile* southwurl and northward of Exuma Harbor, and fomii 
one uf tliii pruttivnt •Iretchea in the Uahomas, there are many diminutive 
eajiM, iaulutMl rock* of all luea, with ruutidod ridgea undumiinMl at the 
water'a cdp; mid rcadj to tof^le over and diaa]ip«ar. I'hv a»i)ian rock, 
kept cuimlHtitly wet, Ijeconieaauft aud readily crutnlilea, and is washed into 
leulian nick mikI. The whole fliior of tliu harbor i« covered with fine 
aand of tliia kind, and the harltor ia gradually fillinK with mati-rial de- 
rived frum tlio wash of the windwani row of outer ialnnda. Off Kitinia, 
lietwven it and the northvni end uf Long liilnud, the edge of the Iiank 
i» cuni|»mtivL-ly wide. The llritiah Admiralty Chart, Nu. .1'J.I, shows 
ailutirikhjy the grudital wasting of the land which hai taken place to form 
the inner aiiuiid.' There was ctimparativvly little aninml or vegL-table 
life on the fl'oir of the harltur where wo cinmine<l it. On leaving tli- 
uma wo sounded at ahort intervals, and found the aea alojie of the liank 
much lena sleep and mure grmdnal than that of other faces wo bad 
etplurud. 

Prom CoQoh Cut to Oreeo Cay. 
ruw xxxTi. 

From Kiuma Itarlior we steauiol northwani to Conch i'lit, ki-eping aa 
cliMw na wnH pnident Oi the outer line uf cays, which id! Hhoncil indii-a- 
tiiina <>f gmit eroaiun. On the northern eatrcniily of (Ireat Ktiinia the 
aodiim hdlH iire ctinwly packed, and reach n height of one hundred and 
fifty feel. The islnndH of l.ec StiM-king and tireat Cuuna pn-Hent the 
usuid feitdmHof ii^diiin hills at titeked by th.< sea at iIh- Imw ..f the h>nger 
iTaVM are liare, whilv even on I'lnnm and the Inrger 
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has been fonned which ooDnects all these islets together, leaving only 
•uoh entrances as Conch Cut, Wide Opening, and Wax Cay Cut for the 
of craft of shallow draft. The light green color of the bank 




WATIR-WORH I8LXT, COKCH OUT. 

connecting the islands indicates very markedly its position as contrasted 
with the deeper waters of the passages and of the outer sea edge of the 
bank. The larger cays are flanked on the western face by white sand 
beaches, formed by the rapid disintegration of that side of the cays. 

All the way across the bank, from Conch Cut to Green Cay, we found 
but little life upon the bottom ; there were no patches of weeds or of Cror- 
gonians, the bottom being everywhere composed of coarse seolian sand. 
But when about two to three miles ofl* Green Cay, patches of coral heads 
and of Gorgonians begin to appear, and become more numerous as we 
approach the western edge of the bank forming the eastern side of the 
Tongue of the Ocean. The absence of animal and vegetable life upon 
the bottom of the interior of the banks is undoubtedly due to the con- 
stant shifting of the coral sand from the action of the sea. At moderate 
deptlis of one to three fathoms we could everywhere see that action 
plainly indicated by the presence of ripple marks. In the shallower 
part^ of the banks this action forms great sand bores, which, exposed to 
the action of the winds, also tends to increase them in size in the direc- 
tion of the prevailing winds. To the eastward of Green Cay we could 
see such a great sand Iwre, seven feet high, forming as it were a cay 
consisting of nothing but a constantly shifting tract. In many localities 
on the banks these great sand bores have assumed quite definite posi- 
tions, which they retain, merely shifting north or south or advancing 
eastward or westward within narrow limits. At our anchorage off Green 
Cay the bottom consisted of fine hard coral sand, fairly well covered with 
coralline algse. 

Green Cay. 

Plate XXII. 

The western extremity of Green Cay itself is the termination of one 
of these shifting bores, and its frequent changes of position and dimen- 
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■ion an knowD to eveiy skipper who anchora off its shores. Green 
City hau been eitcnilcti by this aaud bore to the *crj edge of the pUne 
where the sudden drop in depth beyond the 20 fnthuni lino lakes place. 
The aK>liBO rocks of Green Cuy crop out at the eastern edge of this sand 
bore. Against these outcrops the bore rests, and in some pUces has com- 
pletely ovenrbeltiicd them. At the cutcm eitremity of the western 
spit a mass of blocks of avIiaD rock has been piled up by 8»iT)e hurri- 
cnue. On (!reen t'ay wo find the same jinjiu- so characteristic of all the 
Bahamas. The vegetation reminJs ns of that found on Eleiitbcra along 
the shore line. The princi{>al mass of Urccu Cny, which rises to a height 
of sixty feet, is of (uolian origin ; bnt the extent of the cny i» (."n-stly 
mollified by its being a huttresB for the sand iMires which extend from it 
both to the westward anil eastward. (>n.i'n Cay is marked nnjimg the 
Ituhamas for the combination it presents of santl bores anil H'utinii nick^ 
and shows how siime parts of the banks theniaclves may have been 
funned of movable liorcs at certain stnijps of their sulwi deuce, when 
masses of sand largo enough to I)ecc<mo afTected in their nii>veniciitH by 
the action of the sea and of the winds bud acciiniiilnteil from the dis- 
int<-gn>tion of fixed nuclei of te<ilian rocks. It is very easy to imngiuo 
such a ]irocess as we saw going on at lirecn t'ay to have l«e» nn iiii[iiir- 
tatit factor in connecting adjoining hills or in titling low valleys iH-twcen 
ncighlioring islets, (irei-n Cay is the only cay left to indicate tbi- fonncr 
existence of the land which onco eileniled ruuud the edge of the Toiigne 
of the Oci-an all the way fmiiT Now Pruvidence to the intels tn thi' south 
of Andros, imrnllel Kith the line of the 10<t fathom sonnilings, which 
now alone indicate its probable original outline. 
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Opening, a distance of about eight miles, we found the bottom sloping 
gradually, with here and there a few blades of Thalassia. It was every- 
where composed of the same marly substance, and sustained but little 
animal life. A few Lupas, a couple of small sharks, and the holes of 
a Squilla seemed to be the limit of the fauna and flora of this marly 
waste. On reaching the shore, we found the land, as far as we exam- 
ined it, to consist of the same white marl as the bottom^ but still 
sufficiently solidified to enable us to walk upon it. It was somewhat 
elastic, giving us the sensation of walking u{)on a sheet of India-rubber. 
lu some places the marl was covered with a black alga, forming a thin 
crust, or it was often coated with a harder material composed of minute 
fragments of shells and of sand, giving the surface a gray appearance. 
On digging into the soil, we found the same white marl, more or less 
mixed with vegetable matter. The shore upon which we landed was at 
DO point more than from twelve to fourteen inches above the high-water 
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WEST SHORE OF ANDROS, WIDE OFENINTr. 

mark. The country inland seemed well covered with low vcjjetalion, 
and mangroves flourished in every direction. Here nnd there a ridge c»f 
sand had been blown up, composed of fraprments of shells and of crabs. 
These ridges, rising a few inches hJL'her than the geneml dead level 
around them, fonned the high ground, as it were, upon which was 
growing a somewhat richer vegetation, composed mainly of the same 
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pluts w chanoteriitic of the ihon IJoei of %\\ tb* Bftbuou. Upon 
tlusw uuj ri(l([«s «]«o floumbed bidkII grovM of pKlmsttoa.' 

Ah wt) steamed oortliwud, the low, d*rk Una of Andnw itood out in 
marked cMitraat with the intensely light-gneu water, estemlin); aa far m 
tbu cyv ouiild reach o*er the aballow bank to the weitward of the wland. 
Here and tberv the luw line waa broken bjr a bi|^ niantp^ve tree loom- 
ing u[i liku a cliff in the distanoc, or waa iutermi)ted by a stray lino of 
hijfb {nliuvttii* on aome aaiid rid),'e near the shun-, lite cd^e of tbc 
island ui-ar Wide 0[>ei)ing is occupied by a lagoon inside the shore 
biiu, and tbe devp bigbta wbiuh cbaracteriio tlie islBiid sliow clearly 
bow it baa little by little been erude«l, then cut into bnlvee and 
thirds, nuit into smaller oays, and linally, wearing away biiving ctmi- 
iiKnucd, biM left here and tburu a small cay (I'lalv XII. Fig. 3, and 
U. S. llydn>gni|>liioal I'barl, No. 'JC') lo tbe wvstwanl of (be main 
island. As the water is i)ui(e aballuw all along tbo wi-nt sburo of An- 
dnw, its action is ui<at fi-vble, and it must have tritiimtol mid gniund 
very sbialy all (be sbore mHtcriul into the very fine and mitinte ]>arti(.'l«i 
cum{>using tbc " white marl " covering an Urge an htvh tif tbo bank l>e- 
twi-en tbc island ami the Suntan-n t'liannt-l. This wbile nmrl liHiks 
almost like deep sea chalky ooie ; it luw aUiut the miiiv cimniNtenry, is 
made up uf tbe same nearly im]iul|Mblo fine pnrticlcH, And is of ibu nitnic 
wbitinh c<ili>r. A simihtr while uiarl de[>usit is also found, only on a most 
bniitcd wiilc. in ]init<H-te<l |>ooIm c'X|Hieed to thu very lightest waub of the 
•ea in tbc nt-essi-s of the shore line. 

1'b<- Hbi<n>s of the inner lagiHinn, nnd in many places the main itbore 
of (111' islitinl, is liiml with nmngrnveH, many i>f which nn- large, and f»rm 
the UKoit pnnninenl landniarkH available in the navigntion otf tbv west 
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wrticd olifia of about eighteen inches in height, presenting all the 
appearances of water action so characteristic of the higher limestone 
difb on other islands of the Bahamas. The diminutive seas had oaten 
oat amall bajs^ formed promontories, and indented the coast in a man- 




TOUNO MANOROTES, WIDE OPEIfllfa. 

ner no less characteristic than the shore lines of higher islands when 
exposed to the full action of the trades. Masses of dead shells are found 
blown up or thrown up on the diminutive beaches of the recesses cut out of 
the shore line. Billy and Williams Islands must at one time have formed 
a part of the northwestern extension of Andros. There is no part of the 
Bahama Bank which is so instructive as that now occupied by Andros. 
Nowhere else do we find so large an islautl undergoing all the processes 
of disintegration, division, and erosion which have on other parts of the 
bank ended in forming the submarine shoals, and leaving here and there 
traces of the former extension of the larger islands of which the bank 
was compf^aed. Andros still occupies a comparatively large part of the 
Great Bahama Bank to the west of the Tcmiifne of the Ocean ; vet it is 
cut into three islands by the so called biiihts which connect the Tontrue 
of the Ocean with the shallow waters of the bank to the westward of 
Andms. Its former southern extension is marked bv the numerous 
small islands, isolated rocks, sand banks, and ridges reach injr southward 
and eastward from the southern end of Andros. Its former western 
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extoDBJon, perhaps cloae to the edge of the Santftreti Cbknuel, ii well 
marked by the grtsat belt of white mar), which we may we funtied uii<i< r 
our eyes on the allures of Wide Opcuing. The iiortbeni limit ie mariied 
by the it|in:ad wcatword and iiurthward of the white marl, with here and 
thcro a reiuriaut of the main idutid as lui iaulntcd cay, like Billy or 
Williams [slauJ, reoubiiig periiajM to the nurthero cxtruntity of the 
bank, where the only tntcts uf its former oxiHttiuce are the rucks, isk-ta, 
and Hhallow bars eituiidiiig from Great Isuac to (in.-at Stirriiji Cay, 
foniiiii); to the eastward of the nnrtberu etteiisioii of Aiidrus a liniad 
I>ruiiii)iit<>rA', of which the Berry Islauds and tlie Joiilter Cays arc the 
oitly n-iHiiaiits. On the west, alunj; the line of the Uld Ituhnma ('liou- 
nel, the Saiilarcn Chaiini'l, and the Straits of I'liiriila, we are remimlLH), 
liy l^ilwB Ciiy, (iuinchoH Cay, and the diaconnectcd flats and ]iatrh(>H t.tl|;- 
iu}; the chiiiiiiel as fur as ( Iriiif^! Cay, of the weHleni exti'iinion of Andros ; 
while the Hiding ItcickH, <iiiii Cay, and the lEeinini Mauds, lyin^' be- 
tween Omnjte Cuy and the Crt-at Isaac, attest th<! funner existence of 
the shiiru line of a \arge island '— ])rol>ably the west coast of Aiidros — 
along the easteni ultje of the (!ulf Stream. 

The a]>|>carance of the enst ONuit of Androa, the liiKh n-olian lihiff nf 
whii'h flunks nearly the whole of the westoni e<lge uf the Toiij^ic of (he 
Ocean, is in striking conlntst to its low weatem shore. The east face of 
Andnis is a aeries of alteniatiuK tteaehes and bluffs, oxtemliiiK fnun the 
northern extremity to llijih I'oint. The island is e<ini|>arativi'ly well 
wi>o<ltil, larye tracts licint; ciiverxil by pine and by hanl-wmKl fun-sis. 
To the iKiuth of Morvan's Itlutf near the shorv Ix-gins a moKnilicent 
nind reef, citendinK 'he whide length of the iiilnnil, and rnnninc |>iind- 
lel nith and dixtant from it half ii mile to a mile snit a i)Marli'r, with 
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The vegetation of Andros consists mainly, as I was informed by Mr. 
Chamberlain, of pine, mahogany, mastic^ and the heavy uudergrowths. 

The ridge which runs parallel or nearly so to the coast is followed by 
a second ridge from forty to sixty feet high, separated from the first by 
a wide flat plateau, beyond which we come, by a rapid descent about five 
miles inland, upon the low flat land which extends to the western edge 
of the island and forms the marl shores we visited at Wide Opening. 

Morgan's Blufl* (Plate XXXI II.) has the finest limestone clifls on the 
eastern face of the island. The outlying islands and rocks and islets off* 
the east coast of Andros, of which High Cay is a good example, as far as 
the South Bight, are all of ax)lian origin, and have been separated from 
the main island by the same agencies which have been at work in other 
parts of the group. The a^olian rocks of Andros itself difler in no way 
from those of other islands. The eastern edge of Andros is separated 
from the deep water of the Tongue of the Ocean only by the narrow 
shelf of the bank of which the eastern edge is occupied by the long bar- 
rier reef which protects the eastern edge of Andros, leaving an excellent 
well protected inside channel for small boats along the whole length of 
the island. 

From Andros to Orange Cay. 

From Billy Island we steamed across the northern end of the great 
white marl belt forming the southern edge of an excellent sponging 
ground which extends northward towards the edge of the Bahama 
Bank, south of the Northwest Providence Channel. The white marl, 
as we stopped to dredge or to sound, seemed very barren of animal 
life. Here and there an occasional sponge could be seen. On our 
way to Orange Cay we found that the white marl as we got farther 
west gradually contained more coral sand, which became coarser and 
more abundant as we approached the western edge of tlie bank, whore 
the bottom was again com|>osed of the characteristic coral and an^lian 
sand found upon other parts of the Bahama Bank. With the in- 
crease of the coral sand we came u|x>n a species of Thalassia with huge 
roots, by which it anchored in the fine marl. The great development of 
the roots is very characteristic of tlie coralline algfc, which thrive upon 
the coral sand bottoms. A macroscopic examination of the marl from 
the shore of Billy Island showed that it contains a good deal of vegetable 
matter and a few Foraminifera, an indication most probably that the marl 
formed in a lagoon with free access to the sea, perhaps a sink much 
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like thoM on Nuno tod on oth«r iiknd% in the atupa of Mlt fooAa. 
Tba prMenco of FoniDiDiren in tliii mul, m> like deop-an oote, j«t 
known to b« formed only by the alow trituration of Roliau rooka in tetj 
■twilow waten, rkiaaa tbe question of the depth at which Radiolarian 
enrtb, as at tbe Barbedoe and elaewhere (Baraooa), maj hare been 
formed. It is no more difficult to imagine that the farmatioua ruund 
tbe ahorw of auob a diallow water lagoon have been alevated, than it ia 
to believe the aame of ao elevated coral roef. lu tbe Billy laland marl 
tbe preaenoe of Lubulina and Olubigerina would merely iudicate tliat tbe 
open aea bad free acceea to tbe laguou. Similarly, the lUdiolaria of tbe 
fiarbftdoa earth may have floated into the ahallow waten in which it waa 
formed, were it not that tbe preaenoe of CyBtochinuit by analogy with 
our recent apecica, imlicatea deep wator. Tbe uiarl of the ahore of 
Billy Island contained Lobulinic and (ilobigcrinv, while the mari from 
Dearer the edge of tbe bank, in altout f»ur to Ave fntlmniH, and within 
four mile* aouth of Orango I'ay, which ooiilaiued a greatiT percciitafte of 
ooarae cural aand, alau contained I^biilinie and (ilubiKerinie, aa wull aa 
fragmoDts of ailiuioua fUdiolarinna. When within live niilca frum tbe 
odfCD of tbe bank the bottom waa ijuile uloar nf mud anil marl, and waa 
Gompoeed mainly of nicely ruundvd particles of coral Band. 

Prom Orna^ Cajr to Qr«at Immo. 

Plato 1.1 PIM* ZII. Pis- Si Plata* XXtV. t* XXTI. 

When approaching the western edge of the bank off the lUeolaa 
Roi^ks to lbi> MMitb of Orange Cay, we Itcgan to see Uirs of corela in 
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bftn are all flouxishiDg, and coDsist mainly of heads of Astrseans and 
of Msandrinae. 

The shore lines of Orange Cay, as well as the adjoining isolated rocks, 
are all eaten away at the base, the surface being completely pitted and 
honeycombed ; this small cay^ with the scattered isolated rocks extending 
to Riding Rocks, being all that is left of the western part of the great 
AndroB Island land. Riding Rocks are found, like Orange Cay, to be 
composed of the same kind of seolian rock. Masses of corals are flour- 
iahing, forming great patches more or less disconnected on the face of 
the bank towards the Gulf Stream, extending to fifteen or seventeen 
&thoms of water. Astrseans, Mtcandriuse, Millepores, and Madrepores 
extend all the way to Gun Cay. Nowhere perhaps on the Bahamas is 
it more obvious that the existing bars of corals found along the sea face 
of the nearly continuous bank throughout the Bahamas have had noth- 
ing to do with the formation of the cays and rocks on the west side of 
the Andros Bank. The coral masses are merely surface growths as it 
were upon the banks, which owe their building up to entirely dififerent 
causes and to a state of things which has long passed away. 

From Riding Rocks to Gun Cay a series of isolated patches, rocks, 
and islets, all of the same character, sometimes in two or more parallel 
rows, run north on the edge of the bank ; these are flanked on the west- 
ward by very flourishing patches of corals growing close together, and 
extending on the sea face of the bank into about seventeen fathoms 
of water. These rocks and islets are comparatively less barren as 
we go north. The remnants of the former land also increase in num- 
ber as we approach Gun Cay, and become still more numerous and large 
with the Beminis and the adjacent rocks and islets. On the southern 
end of South Cat Cay there is a considerable a?olian hill, covered with 
Tegetation similar to that of other islands on the cast face of the 
bank. North Cat Cay has a grove of cocoanut palms and low bushes. 
The sea face shore lines of this and South Cat Cay arc protected against 
the action of the sea by lines of outlying rocks, and arc thus less aifccted 
by the wearing action of the prevailing winds. South Cat Cay is high 
enough to have, near the middle of the north end, a line of low vertical 
cliffs, both the Cat Cays being somewhat higher than Gun Cay. 
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Qun Cay. 



Plato xn. ng. s. 



On the south point of Oun Cay a lot of loose rooks are thrown 
up well above high-water mark. The cliffs of the southern shoro aro 
eaten awaj, and on the western (ace of the cay the rocks up to the line 
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of scanty vegetation are deeply pitted aud honeycombed. All along the 
west face of Gun Cay rectangular masses of rocks are thrown up close to 
the line of vegetation. These masses of rocks are the fragments of the 
shores torn off from the vertical cliffs by undermining, and then thrown 
up by the action of the heavy seas or hurricanes. Picket Rocks derive 
their name from such a mass of angular rocks thrown up on the very 
crest of the ridge of the cay, looking a little way off like an irregular 
picket fence. Holm Cay is another island of similar character, but 
smaller. 

Running parallel with the line of outer rocks which make the extension 
of Gun Cay to the north, we crossed magnificent banks and patches of 
corals, some of which run close up to Gun Cay, as well as to the rocks 
in the vicinity. Off the little sandy reach inside of the north end of 
Gun Cay we brought up large masses of Thalassia in the dredge. 

On the east face of Gun Cay the shore rocks are so eaten away as to 
form numerous caverns and cavities in the face of the shore line. 
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Groing ou shore, we found it composed of the ordinary acoliau rock of 
the Bahamas, its character admirably shown in tlie cuts made for the 
boat landing and for the foundation of the derrick used in handling 
the supplies. The cay, wherever exposed to the strong waves of the 
Gulf Stream, is deeply pitted and honeycombed. We found a few speci- 




OUN CAY. 

mens of the same pupa so common on other islands of the group. 
The vegetation was very scanty, — a few scattered sjiecimens of cac- 
tus, wild grape, wild geraniums, and verbena, — with the usual plants 
characteristic of the shore belt throughout the Bahamas. Among the 
most prominent rocks north of Gun Cay, between it and the Beminis, 
mre Turtle Rocks, forming a low rocky icolian ridge. 

The Beminis. 

Plate XU. Fig. 9. 

The Gulf Stream skirts close to the western e«lge of the two Beminis. 
They are separated by a picturesque openinj;, forniing an excellent har- 
bor even fur boats of a considerable size. At the south end of both 
South and Xorth Bernini we find a long line of an«;ular ioolian rocks 
thrown up by hurricanes well above high-water mark, often fully twenty 
feet. From here to the northern end extends a louij <'<)ral sand beach, 
disconnected in many places by extensive patches of Khore built coral 
rocks, covering in many places the underlying a-olian formation. The 
preater part of the shores of the Beminis is made up of this shore 
deposit, piled up above the older a'olian rocks wherever they have been 
washed away, and fonnini; small clitts along the northern face of the 
western shore line of North Bernini. Here and there an occasional 
cliff of the older rcolian is seen, but jrreatly weatheretl and worn, as 
near the northern extreniitv of Xorth Bernini, some <listance above the 
village. The sea has thrown up a high beach and formed a lagoon at 
that end, which is filled with mangroves and small maiiirrove islands. 
The outlying rocks of North Bcmini are all a^olian, the surface pitted 
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ind hwieyeombed, uid saton kwkj 4t the bue. On the gulf aide of th« 
Bemiutt, uid «11 tbe wsy north to Grait Imac^ we meet tine patcbM bf 
oonli in from four to six bthonu of water. Thoae petches and bui 
extend but little *».j eMtward on the bank, and flourish most liuuri- 
antly u wo ait[>raw:h the tiulf Streaia edge of the bank out to 6ftMn 
or Bittoen futlioma, where tbej often cover extenuve tracts acparalMl 
bj iTiegular sandy lauaa. 

Oreat Isaac 

PIMM XXIV. !• XXVI. 

Groat Isaac, as it is Bp|iroachi-d from the eouth (Plate XXV.), reminds 
one of iJduble Headed Shot Cay, with its roundfd outline and outlyintc 
islets and rucks presenting a must barren and desolate a|i[«aniiice. The 
■outhom facet* of the island, and of its adjoining islets and rm-ks, ar« all 
out off by low vertical ulitfs, full of caverns and cavities. The surface 
of (ireat Isaac is an tultuirable etam])lo, perhaps onv of the Ixwt, of the 
forces which haw lict-n at work during the sulisidenco of tho llsliamaa. 
Tlio H'oliau structure of tho rucks is everywhere iiiixit n]>|mTvut. Tho 
action of tlio sea in undermining the shore sli'jicti ami funning low ver- 
tical cliffs hy the breaking off and falling into the Kcn of huf;c angular 
mawes of r«rks is soen on all sides. The action of the sen during hur- 
riranes in ihniwing np huge maascs far alvove high-wntcr mark is not 
bettrr shown on iiny other island of tho group. Finally, the action of 
tlie iwl(-wnt<-r spray nnd wnves, as well aa of the tr(>|>ical rains, in pit- 
ting and honey IV mihiug the aurfaco of the ialaiid, the former near the 
Inlter vvrrywhero else over tho csy, csiinot full to girrke the 
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part of the islaud, to the eastward of the lighthouse, we found a number 
of fantastic isolated pinnacles of eolian rock left standing high above the 
present general level of the cay by the denuding action of the tropical 
rains. Many of these pinnacles were limestone tables of varying tops 
and heights, with a slender pedestal still attached to the ground. They 
owe their origin undoubtedly to the harder character of the surface 
limestone at certain points. 

On the north side the slope of the island is very gentle. There are 
many (>ot-hole3 and sinks, as well as ocean-holes, on the northern face of 
the cav. and at the south side the sea has washed the cliffs into the most 
fantastic pinnacles (Plate XXVI.), some of them sevenil feet in height, 
so that a part of this shore recalls very vividly the a8[>ect of the surface 
of Eleuthera near the Glass Window. Only the most scanty vegetation 
is found at certain points of the island, not enough fur the food of a goat. 
A cactus, a few stunted bushes and shore plants, com|>o8e the flora of this 
island. Gun Cay, the Beminis, Great Isaac, and the long line of rocks 
and sand bars to the eastward of it extending to the Ikrry Islands, such 
as North Kock, the East and West Brothers, and the Eastern Isaacs, are 
probably the remnants of the northern and western edges of a larger 
island, now only barely apparent above the level of the sea, perhaps itself 
formerly a part of Andros. Off Little Isaac the bottom samples became 
quite coarse, consisting principally of broken shells and masses of coral- 
line algte. When approaching Great Stirrup Cay, about thirty miles 
southeast of Great Isaac, the bottom was coral sand, with many broken 
shells, small whitish Mellita hexaporo, and light brownish Clypeoster. 
In fact, the prevailing tone of the whole fauna of the banks projHjr is 
of light hue, except where coral patches are found close to the edge of 
the bank, and nothing is more apparent than tlie bleached aspect of 
the shells, echini, or coralline alga? characteristic of tlic bank itself. The 
darker patches of 8{K)nge8, corals, and Gorgonians alone apparently form 
an exception to the jreneral monotony of color characteristic of the bottom 
on the inner parts of the banks. 

From Great Isetao to the Berry Islands. 

Plate I. ; Plate XII. Fis 4. 

To the eastward of Great Isaac run a series of rocky ledges, the 
remnants of former cays, running parallel with the trend of the 100 
fathom line, distant from it three to seven miles, known as the North- 
east Rock, the Brothers, Little, Middle^ and East Isaacs, Rockawash, and 
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Other rockjr banks, ending with the QiDgerbrcftd Uround in the eut. 
Tlivre we alrikc tliu cxtciiiiive bight betweon it kud Little .Stimi|i Vty, 
where the liaiik HlngieH must gmduallj' from the 3 fsthom lino to thi< 
12 or 1& r*thum line, and tlieD drupa Buddcnly to the lUO fiithom line, 
the ledgcH UBQicd atMve forming the north weatera edge of the bank. 



The Berry lalaodB. 

FlMa XII. FIc. 4. 

We passed the islands to the wostwikrd of Groat Stirrup Caj in the 
dark, but that IdIuiiJ and those of the Ilerry Islumls which wi- Haw dur- 
ing the dny were all of axiliaii rock. (Jrcat Stirrup Cny is full of [M.t- 
boles and oiukM ; it ia comparatively well wooded, as well an many of the 
llerry Ii>landH and of the islands to the northwest visible frmn our an- 
chorage in (ireal HartM>r. 

All the way from Crent Harbor south wn found irrefrular patrhes and 
ban of eoralH un the shtlf to the oaHtwanl of the Iterry InlandH. extend- 
ing fmni that- to fiuir fnthoms or less to fifteen i>r Biitcrn near the 
eastern ed^ of the Iwnk. Coniiug from the west, 1 am infurmol that 
fnun ( lint^rbreiid (iniund similar coral reefs extend as far as Crvat 
Harbor t'ay, on the shelf of the banks, outside of the rars. 

The iitlaiids, islets, and nicks known as the Iterry Inhinds, citendinj! 
along the I'mvidence Chnmiel nud forming the northviuiteru itlticof that 
part uf th>> Uok of wbi<-h Andnw is the |>rin<-i|inl land, are Uith as 
to nnmlNT and sito in marked contrast with the snuill Hn<l iiiNiKnilicant 
islets and n-ks whirh occupy the edv'O of the bank Aimki'd by the (iulf 
Slnnni. Th<' |.n[ici[«l cnys of the Iterr}- Mands, such as Haines Cay, 
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CajB. The cays in this vicinity are more exposed to the action of the 
sea, the eastern shelf of the bank being quite narrow^ and in many cases 
the eastern faces are formed by low vertical cliffs of aeolian rocks, thirty 
to forty feet high, separated by short stretches of sand beaches. The 




devil's bluff. 



north end of Bond's Cay and the sea face of Alder Cay are both very 
much eaten by caverns, with rows and patches of loose angular blocks 
thrown up above high-water mark. There is but little vegetation on 
either Cay. Beaches and low cliffs alternate along the southern end of 
Bond's Cay. Along the whole length of the north end of Whale Cay 
the action of the sea is well marked in the undermining of the low 
cliffs forming the sea face of the cay. 

The effect of the shallow wide shore shelf to the east of the Berry 
Islands is very marked on the swell, which is far less powerful than on 
the Atlantic or Gulf face of the bank, wherever deep water comes close 
to the sea face of the cays. 

An extensive tract of sand bores, dry at low water, runs from the 
Northwest Channel to Great Harbor Cav. In the whole of the track to 
the eastward of them as far as the Berry Islands there is only a very 
limited area with a depth of one fathom. To the westward of the cays 
from Great Harbor Cay to Whale Cay the shores run into broad sand 
flats. The westward extension of these sand flats forms the southern 
edj'e of the bank from Whale Cav and the Chub Cavs to the entrance 
of the Northwest Channel and to the Joulter Cays. From that edge of 
the bank extensive sand bores run tliaj^onally across in the direction of 
Haines Cay. (Hydrographic Chart, No. 26'.) 

Fine patches and bars of corals follow us south, with lanes of sand 
separating them and extending to the edge of the bank from three or 
four fathoms into fifteen or sixteen. Toward the outer edge the corals 
grow most vigorously. The same kind of bottom followed us as far as 
Whale Cay. Corals begin to prow in from three to four fathoms, where 
they are less disturbed by the constant movement of the coarse coral 
sand of the bank, and hence the corals have not assisted in building 
up the shores. Very few coral patches come close to the surface, as 
they do in the Florida Cays, where the corals play an important part in 
the formation of the outer ones. 
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Prom Whklo Ca; we croMed ov«r to Mutio Poiat on Androt. At 
MOD u we got inhi d«ep wator after leaving the baok we began to en- 
oounter again fljrJDg fiihea, not one of which wa had aaen while iteaming 
OQ the outar aballow part.of tha bank. 



THB LITTLE BAHAMA BANK. 



Plata ■.; FlaMZ. ¥it. I. 

The Little Baltana Bank ia dumltbell-ahapcd, one of its ahnnka running 
in a uvrtbwvHtvrl; direction, the other irre^ilarlj iiiirtli niul noiith. The 
northern etl(^ of the bank Trom Walker I'nj Channel to 1-JIhiw Cny, and 
the eaati^m edge frum tliut piiint to Cheroki .Sound, ii ikirtt-d hv nuincr 
ous cays running nearly ]>arallel with the lUO ratliom line, at a <liatin)ce 
varying from uiie tn funr niilva. The roat of tlie Koutheoatem e<lge of 
the bank is flaukt.-d liy the high cliffii of (Jn-at Abaco ah far oa Hula in 
the Wall ; froui that point the ahoro (rcnda lu the MouthwcNt, and »lc-nda 
nurtliweat frum Sutithweat I'oint to Idicky I'uinL Of the ontcr line of 
east«ni caya the priuuiiial onea are Walker Cay, the Ihfiiblc lircHHtcd 
Cnya, Stnuiger, Carter, Fieb, I'enancolo, SfHiniMh, Miinjnek, 4ireeii Tur- 
tle, (in>at Ciinua, Man-of-War. l-niiow, I'ill.io. am) l.rnyard Cnya. A 
Itruken lirte of reef citeiida from Cheruki Sound along the eaiitt*m eilge 
uf tlie Imnk to Mntanillii Itecf. 'I'liia rwf bccumes Hin^cinlly {iruniinent 
north of KUniw t'ay, leaving only here and there a jMuumfn' (hr<>ii|{h the 
reef fur nniall lioAta to gain admittance into the largi- Hlieet uf wiitcr. 
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tories forming the Bouthern edge of the harbor and the northern boun- 
dary of Cheroki Sound, while the promontory of Sweeting protects the 
northern side of Little Harbor. At Marsh Harbor settlement and at 
Black Point, both on Great Abaco, promontories nearly two miles in 
length are left as monuments of the former eastern extensions and 
connections of Abaco with the outer cajs. In fact, very little more 
wearing away would separate the promontories forming Little Harbor 
from Abaco, and turn them into cays similar to the outer line, leaving 
perhaps at the same time a second inner row of cays like those now in 
formation off so many parts of the eastern shore of Abaco, traces of which 
farther north are seen in the numerous banks of all sizes and shapes 
which exist both to the westward and to the eastward of the outer cays, 
being parallel to them in a general way. 

Great Abaco Island. 

Plato X. Fls. 1 ; Plato XL. 

We made the lighthouse on Abaco Island at Hole in the Wall, the 
southern extremity of the Little Bahama Bank. That part of Abaco is 
low, with rounded outlines (Plate XL.). The rocky surface is bare, all 
that part of the island being exposed to the full action of the prevailing 
trade winds and sweU. In consequence the shore is formed of low cliffs, 
having the peculiar basaltic appearance so characteristic of the darker 
limestone cliffs of the Bahamas. The surface of the island within reach 
of the action of the sea is pitted, honeycoml^ed, and full of pot-holes. 
This is sp(*cially seen on the east face of the Lighthouse Hill and the 
spit to the south of it. 

A well marked narrow rocky promontory, covered near the shore by 
pinnacles, runs out from the southern end of the island, at the extrem- 
ity of which are situated two islets undermined at the base. Near the 




HOLE IS THE WALL. 



extremity of this narrow promontory the sea has broken through and 
fi^rmed a large hole, which has given to the locality its name of Hole 
in the Wall. The outlying islands have perhaps been formed in part by 

VOL XXVI. — so 1. 5 
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the aaroe procosa which will in (iaio loparato tho extremity of (he [•rtmi- 
ontury m r dittinct inli-t, now conuected with tho inner |iart uf it uiily 
by a coin[>artttivcly thin uroli. From it> oxiwsiiJ jioution we naturnlly 
find nmny rragmeuts vf ruck thrown up on thu ahore. A tew at (he 
Uue of the ulilT loading to thu hghthouae are i(iiite lnr|,'c. The liirp-at 
ntck train ia thrown up od titu Iwnch near thu H|jit to tho went of AUu-o 
LijfhtUnuae. Tho clilfa to tho woatwan), tu tlie eaatwanl of S<>n(hwt-iit 
Spit, uro tlio remnanta of a ran^e of tcolian hilla eiiating at one (into to 
tho Noiitli of thoae wliich funn the cxtunaiou of Li(;)ithouac IIill. Thoae 
weatoni hilla inuHt have n-uoliol very cKmo to tho et[^e ot tho Inink Itofnre 
the gotieml anboidenco of tlio llabanins lin<l produccil any mnrkiil cliiiiii;e 
in the topography of tho hind. Tho valley whidi ac[Niratcd thuni fmni 
tho northunt range of hilla ia still well marked. 

After tumintc tho SoiithwoHt Sjiit we ntn pamllel (o a hmg coml Mnd 
tteiieh, tho Khure line <>f which waa flnnkotl at interviila hy atrcli-hi-H nf 
HUKiiliir r<H-ka thniwn up by aoiitliraRten) hnrriiaiieo or ipi\>.-n itlN>vc 
hi);li-wiitor niurk and extondin); inland. On liuidiii;; wo fmind meka, 
afxinKOH, (ior^Mniiiiia, and lar)^] niajwoH of iiinila, thmwn np (>i a <-<>n- 
aidonihio diatnncc <in tho lowland, fonning nn cxlcnaive plnteiui ex- 
lemling inluud hehiiid llu- heach. S<K>n after {niHtiinti SoulhneHt Spit 
we livimn to aoo fine atretehea of piuoa, which nri> mi chameteriHtic a 
)ntiw(h on (ho lari:er inlnndii of the Little lliihimina. 

Tho etltre "f (he numiw Imnk Hiinkini; wca(eni Alirn-o in envereit uith 
line eornl hendH, (fniwini; nbundiintly in front thri'e to ten fallixmN ('l<ii>" 
tiiwanla tho ah<>re, nnil M>|>nnited )<y wide lanea or juiti'lieii of Kind. On 
tho weatern fuee of tliv Little Itahnnm lliink thJK oilcinK of rondo in 
hfnrly enntiiiii , <-xl<'iidiii|; nil tho way frimi Soiithweat Spit <iii Alinei> 
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which stretches to the southeastern extremity of Bahama Island on 
one side, and to Little Abaco on the other. On the interior of the 
bank the west face of Great Abaco runs at many points close to the oast- 
em shore of the island, leaving only low, narrow ridges connecting the 
various parts of this singular island (Plate X. Fig. 1). On examining 
the chart, one cannot fail to be struck with the endless islets and jms- 
sages which have been left on the east coast of Abaco as records of the 
8iil>sidence of the bank, and the numerous ciiys which flank the western 
ed<rc of the hank between Hocky Point and the southeastern end of 
Bahama Island, while the many cays found upon the shallow interior 
bank attest the former extension of the Abaco Bahama Island Land. 
The Little Bahamas are perhaps a finer example than even Andros 
can be of the former greater extension of the land, and of the causes 
which have resulted fn tlie present configuration of the group. 

The Abaco Bahama Island Land, which once covered the greater 
part of the Little Bahama Bank, and prolxibly corresponded in outline 
approximately with the line of ten fathoms, was exposed at its north- 
western face to the violent action of the northei*s. Tliey have eaten 
away the whole of the northern face of Bahama Island, leaving only 
Memory Kock and the banks to the north as witnesses of its former 
extension. On the north face of the Little Bahama Bank the patches 
forming Middle Shoal, Matanilla IJeef, and the long line of outer cays, 
give us approximately the outline of the former Little Bahama Land, 
of which Little Abaco and the cavs extcndinix to the westward to the 
Centre of the Wor]<l arc remnants, these remnants being in turn the 
outliers of Great xVbaco before it became disintojrrated by tlie action of 
the northers, when it was perhaps only separated by a narrow channel 
from Rahama Island. Of course, as soon as a wide channel was formed 
to the north of Bahama Island or to the westward of Abaco, the action 
of the northeast trades also came into play to cut away the low shores 
of these islands, thus helping to increase rapidly the dimensions of the 
bank. 

But what has made the 8haj>e of the banks such as they are, and what 
has shaped the outline of the old land in so absolute conformity to what 
we mav reasonably assume to have he^'n their orii^inal outline] 

As far as the shape of the Win<hvard lslan<ls is concerned, we can still 
sec the action of the volcanic forces which have elevated islands of very 
different shapes and ditferent sizes above the bottom of the surr<>un<linLr 
ocean, — islands which arc separated one from the other by channeN o{ 
verj' varying depths, and round which have been f )rmed on c^ic face or 
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tliK other DaiTow fringes nf limeatone bj the reefa aurrounding them. 
Ab we pAU uurtlivitrdB from South Anuiriat we find thkt Iheso islmids 
bvcutnc larger, or rather thnt tliej* nre the summita of larger |ilatmus, 
furiiiiii); Imtika of grcAtor or leu eit«nt and aeparated \iy cliHiinvIa cif 
vuriuiiH deptlia. Wo also see tliat on some of the Imika tliero ara no 
vuli'iiiiie ialaiids, the whole aiirfiicx' of the platcuu tteiiig ciirvrcd hy ciiral 
aaiid. Id part the reiuumitH of liiueatouo tmct« which had a greater «• 
teitaiun, or in [Xkrt perliapa of liuicHtoue bunka which during jwriiHU of 
threat vulcanic nvtiviiy Jmve Krudunlly fornicd u|m>ii the folda of the Iwt- 

t of the ueeaii. Kveii |;nuitlii|; for the Jlahainaa ihe (neatest jiuMihle 

aiilniileuce aa indicated l>y the deo|H.iit ocean- Ik •Itn, the onlliiicH of the 
liunka at tlic time of their greateat elevation could hardly have Uvn 
niuU-rially dilferent from that of the preacnt cl1art^ ah tlif whulu chanffe 
of level ia Uken tu lie well iuaidc the 100 fathom line, at not more than 
fifty to Hjxty falhoma. Take the ai'a fare olopo an we find it to-day, it 
would not have chan^'ed miiterially tlio [K«ition uf the coral mrn which 
nuiHt have Inn.'U growing there, perhaps aa luirrier reefM exjMwetl to Ihe 
diNinteurnting action of the mm, and aupplying l>y their own diaintcgm- 
tion the Riaterial tieotM for the fomiatiiin of the xiiliim hillti from which 
the Itnhama Uind waa liudl. Or, moru prolialily, iheao rci-fn cxiHted aa 
fringing rM'fH, much as they do in our daya along aonie pnrta of the 
cnaat I'f the Sandwich iHlnmla, and from them wore foriiiml the imRienae 
slreti'heH of coral aimd iH-nchca which, swept allemntety liy the trndea 
and Ihe wiud^ pn-vailing at other acaaons, supplied itio annd to buihl up 
the gigantic dimoa of former daya. Theao fonut.tl tlie higheHl hdU i>r the 
ItidiaiiiaN. and they in their turn have, fr>im vari""- caiixes nu-ntiontil 
in thin account of the Iluhanias, been reduced to their pnment limit*. 
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avrampy shores of the western side of Great Abaco. These sand bores 
also extend in a northerly direction from Mores Island to the sand bores 
east of Burrow Cay. In crossing the bank from Mores Island to the 
WooUendean Cays, we carried from one and a half to two fathoms of 
water, and before reaching the cays had struck the territory of the so 
culled marl of the Little Bahamas. It seems to have been formed under 
very much the same conditions as those which have formed the great 
vliite raarl flats to the west of Andros ; but the Woollcndean Cays and 
the Joe Downer Cays being the remnant of a land rather higher than 
that on the west shore of Andros, this marl is not so pure, and contains 
a greater amount of vegetable matter derived from the decomposition 
uf a larger amount of soil. 

When off Kocky Point we could easily follow with the eye the changes 
which had perhaps taken place in the configuration of the west side of 
Abaco. To the east stretched the low coast of the island itself, covered 
with a dense forest of pines, and deeply indented by channels which 
seemed, as seen from the rigging, to cut the shore line into numerous 
islets. To the westward extends a low rocky spit, and still farther west 
rocky cays are found on the edge of the bank, — the outliei*s of the 
Conner Abaco. Corda Cuy, the summit of which is covered by a regular 
picket line of angular teolian rocks, attests the strength of the hurri- 
canes which have gnidually eaten away the greater part of the west 
shore of Abaco; while farther inland Mores Island and the Woollcndean 
Cays, reolian islands rising upon the shallow interior bank, indicate the 
action which has gradually reduced the western part of (ircat Abaco to 
its present dimensions. Long Cay Kocks and other small cays south of 
Mt)re3 Island are bare, like Gorda Cay, though often topped here and 
there like the latter by a wall of loose r<»cks thrown up during the iiurri- 
cane season. There is excellent sponging on tiie interior of the bank. 
The bank is entered by a good passage a little north of Mort's Island, and 
in that way the west coast of (Jreat Abaoo can be reached. Wo anchored 
in Rock Harbor, on the west coast of Abaco, after having visited the 
WooUendean Islands and the marl district of the Little Bahamas. 

Burrow Cav is low, not more than twentv feet in heii;ht, with vertical 
clilTs on the channel side. A long row of angular leolian blocks is tiirown 
up on the western face of the island to a height of about fifteen feet 
above high-water mark. On the westeun cxtreniitv a small low rockv 
C!iy protects the northern shore of the island from the action of the 
northers. On the northern shore there is a sh(»rt stretch of recent 
shore coral rock, masses of Nullipores, of (lorgonians, of corals, and 
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kii iiiinic-uwu accuiiiulation of largo cuiicli shells covering ao citeiiaiTe 
flot, Hiid aln> fitntiiii^ a vull of at loiutt five fcvt in lieiglit alN)vc l»w- 
»«tt'r murk. TLow cudcIih uri> uf cuiirw uf all aiiea, autl llio fra^inciitB 
iiitu wliiuli thcj- liavt> hena brukvu aro in all i>tugi-« of Hvaring liy tin.- 
action of tilt) aca. Sucli tna8m.'it uf curicliH, furuiing aluioat aa ),'rcat an 
auuiiiuulittioM an iiiiglit bu duo ti> an Imliau ahull litrap, wu Imvo ti<>t 
fiMuul an^'ttlicrc elae in tlic llalmniaii, although in iiianv Jilnct-H *v met 
with amallLT lit.-a;>B. All along tliu linu uf tlio ImiuIl, in fruni four to ^il 
fulliuiitH of H'utur, wo found tliv cunt iiiiiat ion uf the eunil ret'f which »u 
atriii'k MHiii after reaching the lightliouKe near llulu in the Wall. 

Owing tu threatening iiidii.-ntiu(iB uf a nurther, wc tunivd luii'k, ami 
p^uvnig in li}' Chaitiiol Cay entered <>u the Little Italmma Itmik. Wo 
fo'n cunic njion tho northeni extrcniity uf Morea lnhiin), whit-h can 
rvjilily l>e diHiingiiiHiied by tlie greater height uf thu <-uy ami tha 
runmlct hill» uf which it i* fonuol. Ii> this vicinity thu Imnk in thickly 
covered with conch-, which are colhitrd l>y thu inhaliilantH aii'l Imnie.l 
to make lime. Murea iBlumI \i cuuiiHHH.'d of leulian ruck, uiid in fiiirly 
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fauna off Burrow Cay, — Lcptocephalus, Squillsc, pelagic flounders, 
SagitUe, Duliolum, Dipliycs, Cupepods, floating algsc, and many larvao of 
Cruiitaceans. After we passed Mores Island the specimens of the bot- 
tom became more and more sticky, and contained a greater number of 
Furamiuifera, changing also to a grayish color. As seen from the north- 
west, the northern extremity of Mores Island, witli its roanded hill-tops, ' 
is very characteristic, and in striking contrast to the low soolian hills 
which form the southern part of the island. On the horizon to the 
sijuth is seen the low line of Great Abaco, covered with its pine forests, 
and to tlie eastward the line of the two Woollendcan Cays, the outliers 
of the former extension of Great Abaco to the west of the marls. These 
cays are |)artly rocky and partly sandy. The sea, although shallow, has 
evidently considerable force here, especially daring the northers, and 
low walls of ffiolian rocks are thrown up hero and there on these cays 
just at hiirh-water mark. We landed on one of the cays to the north of 
Cambridge llarlwr. It consisted of itolian rocks in an interesting stage 
of decomposition, nearly marl, the holes of the rocks full of red earth and 
of vegetable matter. The sand on the beaches was made up of the same 
material, a little less compact and ([uite marly. This stage of the ieolian 
rock seemed to be the condition immediately preceding that of the 
locality which is marked " The Marls " on the charts extending from the 
Woollendean Cays to the eastward towards Abaco and to the northward 
to Little Abaco. The so called marl which we obtained just inside of 
the cays differed greatly in its darker color from the whitish marl west 
of An»lros. It also differed materially in beinj; made up of far coarser 
materials, though it seemed to be fully as tough and sticky as the white 
marl from Andros. 

As wii approached tlie northern extremity of Great Abaco, near Nor- 
man's (.'astle, we could see the a*olian clitFs on the south of it, formed 
from the liill sIojkjs cut away at the base. At many points huge blocks, 
eaten aAay at tln»ir base, bad been broken off*, and looked now like hnjre 
white sails scattered alnng the coast lino. It is interesting to follow 
to the westward of Norman's Castle the continuati<»n of the a*olian 
hills, which as small cays extend in a line outsi<l(i of tlie main shore of 
Abaco and form Rock Harbor, the lowland lying between thcni and the 
mainlanti having all been washed away. The rooks were, as at Woollen- 
dean Cavs, nearly chauL^ed into marl, mixed with more or less vei;etable 
matter and red earth, so that verv little additional disintoLrration would 
chan^^e it into the sticky and half sandy bottom so characteristic of this 
piirt of the Little Baliama Bank. 
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Th« cliain ct sniftll cttyt in tlio vicinity of Kock Harbor, to tbo veit- 
ward or Groat Abaco, alfunli 0110 of the beat examples ot the evtdeuce 
vo have of the former contiuuitj' of the many cuys acatturtNl all over 
that part of tbu bank. Tbe cltfTH uf the cayi are eatou away at the baae 
by the alow actiun uf the >ca, which here baa a far mure limited rani:v 
than when acting upon the WoolleuduBii (Jay* to the aouthwanl. The 
bottom here ia aticky, and, though atill of the characteriRtic gny c<ilor, 
is made up of much finer jiarticlea than the anmplea of bottom we ob- 
tained on our way to thin (voiut from Mores Island. 

The few larye pines still left upon some of the smaller islands near 
Kock llarlior iudiuato clearly their former connection with the pine 
forents which are wen U|wu the main island (tireat Alxteo) to the 
eastwanl. Itock Harbor Cay was inl«rciitinit as iihiiwinij us the rem- 
nunta of the inner western line of hills which fumi the lllnck t'oiiit of 
Little Aliaco, apfwar again on Itandall's Cay and on Norman'a Castle on 
<irvat AInicii, and which may have funned the line of hills winncctinft 
lirvat am) Little Abaco. 

Litllo AImci) is iic[inrated by a narrow shallow channel fn)m <ireat 
Abaco, and is only a narniw spit, the remnant of a hue uf bills nitiniiig 
westwan) fW>ni tlie northen) cxtromity of < !rcat Abaco, 

Coming l«ck to Channel Cay, wo punhcd rapiitly north to Itahama 
Island, steaniini; all thu way fmm t.'hannel Cay over the fine cond 
reef which frintres the wcatern (■d|;c of the l>ank in fn»u four to ten 
falhoma The r«t'f ia Imro at niuiiy [mints, exjiccinlly in the extcnniuu of 
iMinin of the U-iIkch of mt-ks or low cays in the channels formed lietween 
tbeni. The wenli'm Hlojie of the Imnk is often very steep ; it wna not an 
unronnnon <N->-Mm'nce while steaminK over llto reef to M-e the {michos of 
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From BcJiama Island to Memory Rock. 

Plate X. Fijc. 1 ; Plate XXXIX. 

Bahama Island forms the southern face of the northwestern shank of 
the Little Bahama Hank. It is sixty-live miles in length, but not more 
than six to seven miles in width. It is low, covered with a thick forest 
of pine. It may be fifty to sixty feet at its highest point, to the east 
of High Rock. The high ridge runs close to the south shore, and on 









UlUU ROCK, BAHAMA ISLAND. 

crossing this we come u[)on the level stretch sloping gently north to the 
northern shore. Its southeastern extremity is broken into numerous 
low cays, and the north sliore, which has not been surveyed, appears, 
as far as could be seen from the rigging, to be made up of innumerable 
low wooded (pine) cays running east of Settlement Point. 

The highest clifl's we saw were at High Rock, where there is a sniall 
settlement, but even there the cliffd are not more than from twelve to 
twenty feet. In the vicinity uf High Hock, to the eastward of Gold 
Hock, where we ancliored, wo had an excellent ofiportunity to see the 
barrier reef growing upon the submarine extension of the shore leolian 
rocks. The reef where we anchored is in about four fathoms of water. 
We dropped our anchor in an open space between patches of fine heads 
of Porites, of magnificent huge clusters of Madreponi piilniiita and colos- 
sal heads of Mjeandrinie and Astra'ans, manv of tliem ovorjn*own bv 
splendid Millepores. Inside the reef, towards th<j sliore, the sheltered 
waters were filled with j>atches of large (Jorgonians and isolated coral 
heads. The distance from tlie 5 fathom line to the shore line is nearlv 
a mile. Inside of this the coral lieads were not very numerous, except 
in the lines where tliey formed spurs reaehinu: to the shore of I>a- 
hama Island, const it iitinir an inci|)ient fringing reef. The shore teolian 
rocks are well protected, exc«'pt at such places as Hiirh Hock, by the 
harrier reef runniuLT panillol with the shore line of the island. Hack 
of iho beach the higliest point cannot be more tlian ten to twelve feet. 
The surface of the exposed rucks is more or loss water- worn from the 
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cumbincd Action i<f the ruin and Ma. Bvliind the tbore line of rocki 
eiteiid vast HiiIh, tlie ]iint! barrens of the isluiiil. Tho u<olian rockii mtv 
overywlivre fiitly L'i|)uii«d, prvacntiiig the pccutiiu- cttamcteriiitica ot tho 
KTont cx{Muiitvii uf Ic-vvl ur iieurly luvu) BurikceH which iu other inlands 
frctjuc-ntly M'jiurate panilk-l run)^>a of uNjliun hilltk In tho sinki nnil 
jMit huleii, ur d«[irosiiioiis uf tivutor dimunHiouH, jmhiIs nnd [lonilH, often 
uf cuuHidentble itiKc, liuve ucuumulutod, muny of wliiuK are aepnrntnl fn'Mi 
the wti unl)- l>y thu uurruw null luruiiug tho luvr huo of u-ulian liilhi iu)- 
luediati-ly bitck of the aliora. 

1'he tihorea of IJuhnniii Ixland, all the way from Carriuu Crow liar- 
bur to uiir atichurugu ut Turtle Iteef ueikr llijih liock, liikvu mice been u 
Hucceiwiou uf conJ wind beachea and of low clitTa alont; the c<lt,'e of thr 
low liiii.' of hillit, furiuiiig a aort of dam l»ctwtwii the |anu tract Icvela and 
thi' cd)^o uf the ialund. Itt-yond Turtle Iti-vf the eiteiiMJi.n of this line of 
hill.t [iinnii a few inniKiiiliciiut cays to the west uf (»ild Itoi-k. The n-vf is 
uulMiilf i>r thin line of c»)K. which rejireHeMts a [mrt of the ancient nhore 
line <if Ituhiumi liiliind. The reef dies out at Snuthwiiit I'niiit, where 
the slxire is (tear cI»m.> u|> to tho U-avh. IIeyi>nd Simthwest Point, nt 
Bamartl's Point, the low hhi>re hills with vertiuul elilfs arc npiin chikr- 
acturistic of tho ahiiru liui*, the pine Imrrcn jilniuH n]i[>e.iriiii; t(i lie from 
one half to thn-e ((uartrni of a mite Iwhind the licach iiionn-l. Whi-rcver 
there is any uutcri'i'iiin;; of rorks lietween the atretches of coral nan<l 
beachcM, many hlmkH of iiolian rook are thrown nji above hi(;h-water 
mark. There arc n nunilii-r of thew rocky uiitcrojio, aiiil aa we p> 
nurth [MiMt SuuthwvM Point the snndy U<acheM iM'come shurter and 
are iiiu>-h ntxre fivijuiiitly inli-rni[i(ed by omHiilerahle h'ii);lhs of ont- 
•■r..y,. Iltiuk% ItilMVi-ek in on ••nintity «hi<'h !>:>» ent llikhama Island 
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place is taken by scrub vegetation. The island becomes quite flat; 
there are but few rock exposures, and longer reaches of sand beaches. 
We still find nourishing patches of coral heads all along the coast, but 
they are disconnected, and the patches are often far apart. When oif 
the nortlicrn extremity of Bahama Island we could see from the rig- 
ging the east shore of the island cut up into numerous small inlands, 
many of which are still well covered with pines, far better than is the 
western part of the northern extremity of the island. These numerous 
cays and estuaries are not marked on the charts ; in fact, the eastern 
and northern coasts of Bahama Island have not as yet been thoroughly 
examined and mapped out. Here and there on the wrst coast, close to 
the sliorc, are left a few pine trees, and the mangroves are in many 
places large and most flourishing. 

All along Jiiiliama Island, as well as along Andros, where the bar- 
rier reefs are perhaps better developed than elsewhere along the sea 
face of the bank, wherever there are breaks in the barrier reef so that 
the shore line is not protected by it from the action of the sea, we find 
stretches of sand beaches corresponding to the openings left in the bar- 
rier reef; while opposite the unbroken reaches of the barrier reef the 
shores are rocky, exposing in full view the underlying iuolian rocks, which 
are not covered up in part by the reef sand, as in the shore opposite the 
breaks. 

After leaving Settlement Point we came upon Indian and Wood Cays, 
the roekv remnants of the western side of Bahama Island. Sandv Cav 
is low, not more than fourteen feet in height, with no exposed trace of 
the underlying a*olian r«»ek of the bank. 

Memory liock (Tlate XXXIX.), close to which we passed as we turned 
eastward to cross the bank, is perhaps one of the most characteristic of 
the outlying seutiiuls of what once formed a part of the greater Little 
Bahama Land. The gradual di.sappearance of this land as we pass north 
is most characteristic. We can as it were follow the (lisinte;.'ration 
which has taken place about the northern part of Bahama I.sland, 
the clnracter of which changes radically as we leave tlu' pine barren 
llats and pass to the bare roundt-d ri»cky hills, pittci], honeycombed, and 
worn, which form its western enil, and to the niimen>us rays extending 
e;uitward, thickly wooded, covered with pines, wliiih are the continua- 
tion northward of the pine barrens of the main island. 

Nearer the western edi^e of the bank, In<lian and W«»od Cays are 
more or less exposed to the same ajiencies wliich have acted uj)on the 
Bahama Islands in so uniform a manner. On \Voo«l Cay we tind large 
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blucki (if Rulinn rock thrown up above lii(rh-woter luvk, tiud above tliitt 
belt it !■ ci>vi'ra<I with luw sbruba. Wbea we fituJIy come to Muuiury 
Kouk, wo liii'l iiutliin)r but a fow pinnacles uf leulmti rucks, pitli-d mi<1 
buiiL'jTutiiUi], autl wont into fiuitostia khapes, the oul; laud still visible 
of tbt' iiurtlivni purt of the older Ualuuia Abaco Lund. 

The iiurtliwiiileni uita-niitj' of the bauk is frini^-d hy pntubcs of coml 
neh and sand Imn. The reef which eiteiids uearlj' iinhnikcn from 
Southwuat I'oiiit uu Creut Abaco uloiig the western face of the Little 
Ituhnitia Ituuk beyond Meuiurj- Ilock ruus to wilhiu about liltecti miles 
from MatULilla Shoal, the uortlieruuiost coral pakh uu the bank. 



From Memonr Book to Greeo Turtls Car. 
riBi* X. riK. 1 1 riau xxi. 

The character uf the button) ou the hank from Memory Rock for about 
thirty milt-it i-nKtwanl is that of ((rayish coral sand, rather liner tliaii (he 
huttoiH HHiiiplcs near the cd^^ of the Iwiik, which are clear cund sand 
and brukeii sliclls. At each baul of the dredge uioiuics of TluJaMia 
were Imiiicht up. 

Tlie IliirnuMiiUa Itocks, five to sii iwdated little n)ckj |Kili-hcis twelve 
to funrtcfii ftia liitth, ar^- pitied and honey ci.udKtl, and wnter-wuni 
at ihc liiuie. 'Hie n-idian laniinaliun in some places ia niiwl dixlnn-t, 
dippitii; at times tbirty-Hve t.i ft.rty deKrees. The cavities of thew 
riK-kn w,re in part lill.-d by vi-rj- i«i-iilinr runiiiltd him|« of a cellular 

ntasN iif re<l t-arrb. m liMu-H also arrauK''*' ■■■ ridel's un (he dividing 

«ip« ..f adj..inin;j depreHHiuns. 
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Grand, Double Breasted, Stranger, Carter, Fish, Pensacola, and the 
Hog Cays are, m the order named, the westernmost of the long line 
extending from Walker Cay Channel on the northern edge of the bank 
along its eastern edge as far as Cheroki Sound near the southeastern 
extremity of the bank. This line of cays protects the eastern face of 
Little Abaco and of Abaco from the action of the heavy trade wind 
swell which pounds upon the eastern face of the cays; they will iu 
time disappear completely, as the intervening channels become wider, 
thus exposing their western face to the long reach of the sea, which 
has already removed nearly all traces of the former line of outer cays, 
islets, and sheltered cavs which must once have formed the contiuu- 
ous Little Bahama Bank, — then a bank on which were many islands, 
and which was fringed on its sea face by cays of which no trace is now 
left except the shallower patches on the banks to indicate their former 
existence. The outer line of cays is flanked on the sea side by the 
nan-ow flat of the bank between them and the 18 or 20 fathom line, 
where the bank drops suddenly to a hundred or a hundred and twenty 
fathoms. On this flat coral reefs flourish, as more or less extended 
patches of heads or clusters of heads, in a depth of four to six fathoms. 
Inside of this line the corals do not flourish well, being too much ex- 
posed to the full force of the Atlantic swell. This belt of corals we 
crossed twice, on going ofl* the bank at Green Turtle Cay, and again on 
attempting to enter Little Harbor. 

The inner shore line of the outer row of cays is gene^ally formed by 
low vertical clitFs, behind which rise the rounded summit lines of the 
cays, scarcely reaching at any point a greater height tlian fifty feet. 
All these islands are of iiiolian origin, the rocks composing them ditfer- 
ing in no wise from those of the other parts of the Bahamas. The char- 
acter of the bottom, however, changes somewhat after we approach the 
Barracouta Rocks.* There it begins to bo somewhat more marly, and 
soon after going eastward we enter a district the bottom of which is 
characterized on the charts as marly ; finally, when we get ofl* Green 
Turtle Cay, we find that the marl closely resembles the peculiar wliite 
ooze covering so great a part of the bank to the westward of Andros. 
This white marl fills the channel all the way from Little Abaco to 
Man-of-\Var Channel. The samples of the bottom taken off* West End 
Rock of Little Abaco, in three fathoms of water, are fine marl of a 
light gray color, and of a consistency almost like plaster of Paris, but 
of a bluish tint. Off* the eastern face of the outer cavs the bottom is 
covered by the coarse sand formed of coral ddbris and of ceolian rock, 
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or evi'ii of liir^i; piuccs, acc-onlint; to the cunditioiit due to the outer line 
tif iinitcct iiic nt-ta. 1'he miter lino of caj's formH a lort of nil-re thr<iii);h 
which tht' ncliiiM vt (hu nvn outBide due tu the prevailing winds is greatly 
nxHlilicd luid ieiii|>ered hoth ujkih the western Taeo oT the cava and the 
viistt-rn ehniUH-1 fiiu" of the Ahuciia. 

Steaming alinit; in an iiuterl}' direction, keeping Little Ahaco to the 
ninth, the iMhinii in covvreil with low growth, the eliffa of the eaaleni 
face an- not [inmiincnt, and the atdian rocka can l>e n-eii at all exptou'd 
placuN on the aidi-H i>f the uny which are liare of vegetal ion. 

To tho eaatwanl are aecn the outline of the hiw ronmh-il hilU of 
S[ianii.h and Powell ('aVN, the latter aUmt eighty feet in height. orTCn-al 
AlwiNi. Siiuth of S[i<iiiiah Cay the Imttom e<in!<iHi<i of very Kne marl, 
and ia covereil with H[Hiiiguii, u.inilline uigie, Thahtiuia, mid aevcral ■[■ei-ii-ii 
,.r I'enieillna. 

After iKiH^ing the H)iit nt tho north end of (ireat Aham (he iHhiml 
widi'iiN Hoiuevhal. «> that w<^ get two lim-t of a-<.tiaii hilU |mrnll<-l t» the 
■h->iv. The wcKteni range, which ia the higlii'xt, ix rovi-red with low 
ve^'ftai ion. Nearer the Hhoru the tri'i-n nri> liiller, wi'iningly inaHiic and 
ni»h<>L;any woi'Ia, ahile from the aouth the pinea i-nme in again, and the 
>«.titheni'|K.rt of the ialatxl, whirh U\h olT ntr.i.lly to i> l,.w Ibt fr»i» 
Miingo llill. ia eoven-il with a Ihiek pine forf-t. w)>it-h eilenda imhroken 
til U»eky I'oint. AUmt opiHiHite Miinjaok Cay the Hlmre n-..tinn hilU, 
whii-h rmi a..uih from Atig.-I l-'»ih I'oint. are not more than fr»m f<>nr t<> 
MX r.et in li<-i:.'h>. farlher ixxilh ihey rise to twenty or l»i-tily-tive fe<-i, 
niid \'»M ii.t.i the llata uiioti whieh the pine fon-Nt itteii.l-., ». we e.>nld 
»>.- alien Hte:it»ing fn.m the Wo'JI.'iideiin CaVHun the innide of the Iniik 
tiiwanN the wexlern ahi're of the ihhmd. 
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An examination of the larger charts of this part of the Bahamas will 
show the effect which subsidence has had in forming a number of boat 
harbors and inlets on the shores of this cay. Some of them have twenty 
feet of water, and are more or less protected by the patches of coral 
reef growing between the cay and the edge of the bank. Upon these 
patches the sea beats violently, forming two or three lines of breakers, 
through which it is often impossible even for small boats to find their 
way out. Similar sinks exist upon many parts of the Bahamas, one of 
the most characteristic of which is Hurricane Hole, south of Androa 
(Plate XI. Fig. 4). 

After leaving (Jrcen Turtle Cay, immediately along the sea face of the 
Little Bahama Bank on our way south, we passed through great masses of 
gulf- weed. There is little doubt that much of the Sargassum we meet 
witli in the Bahamas comes from the shores of the cays. It is found in 
considerable profusion in many localities, and, while growing vigorously 
during the companitively short season of calms, immense quantities are 
torn off during gales or heavy seas, so that a fresh stock of Sargassum 
must at all times be increasing the mass floating in the range of 
the Gulf Stream and of the northern extension of the equatorial set. 
How long it can thus float, and perhaps propagate by budding, is not 
known. It is, however, a well known fact, that Sargassum torn ofl' from 
the ro<!ks can be kept thriving for months in tanks or dishes. 

The slopes of tiie low shore hills of (ireat Abaco, as seen extending 
southward from the anchorage at Green Turtle Pay, show in a most 
characteristic way their aiolian structure. The base of the«e hills is cut 
off by low vertical dill's which have been formed by the gradual wearing 
away of the rocks by the sea. We examined the shore of (rreat Abaco 
at Black Point, pulling round it and landing inside on the sand beach 
formcii Ixjliind the spit. The rocks present the same leolian structure, 
and are greatly worti by the breakers. The material back of the beach 
is more in the amygduloid stage than in the marl stage. In three and 
a half fathoms off the l)each the bottom is soin«nvhat more stickv than 
the cleaner samples taken immediately on the bojich. 

In otir way out throuirh Whale Channel Cay we f<»und all the islets 
and rocks rounded off on the summits, the surface pitted and honey- 
comU'd an<l eaten awav at the base of the rocks. 

From the summit of the white cliff to the eastward of the landing on 
Green Turtle Cay we could see tlie breakers on the outer coral reef, 
which exteuils more or less parallel with the ediro of the bank all the wav 
round its eastern edge in a nearly unbroken line. 
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WbAle Cay Chanofll utd the Butern Faoe of the UtOa 
Babuaa Bank. 

FtaU Z. rig. 1 1 PlaU XI. FIs. T. 

Puminf! out tliroutth tlie chaDnel and cromiug the npening left in 
the ri'uf thruii^'li thu breaken, we had b fine eibibitinn of the akill anil 
ciKilneiM uf the ]iilut an ho atucred the " Wild Duck " into deep water. 

Whale ('»}' Chitiinel l^k ia but a amall outlier of a aunkeii pati-h. 
Whiilu <'uv, OH Koeii end od, ahowa tlio icoliaii hills tii have their lonKCst 
eliipt' un thi' enat fucp, nnd tbe lame structure ia lulinirahly ahuwn for 
Gn.'At Alxwi). Crvat lliiana Vaj diajilayii the name fixture, thoiifjh here 
«nd there Hhort itn-tc-hca uf the tmae of the ahure hillM arc ealeii nvav 
into low vertiunt cliflii, jir(>tml)ly oppiHiite aninllcr or |,'rcntiir f^|>a in the 
belt of corul beads protecting (he outer islands fnmi the terrific poiiiKlinir 
of the trade wind awell. Where nut cut awnjr the luwer [>art of the 
shore hills ia pretty well covered with coral aniid t»ni iifT fnitu the reef 
and thruwn u|i i>it the shore, (treat (iunim Cay is cnvenil by it most 
scanty vo):etation near the aliore, but ia a little better woudetl on the 
hill face near the nummiL 

ltelKe<-n tirrat tSuanii and KIImw Oaya ia a series of low cays, rockr 
or sandf, with very little veicctation near the Huininit rid|,>e. The line 
of breakent fomis u coutiniiona widl with the islets M-heuevcr there is ■ 
heavy swell riiniiinu, as was the case when we steiinied past. 

MaH^uf-Wnr <'iiy haa the same characteristics as tlreat Uiiana Cut. 
It haa B hich sandy l)«aoh with an iiccaaiimal rocky outcmp covering the 
niiderlyiiitc rock, anil the usual scnnty veKetatiiin just kIkivq hitsb-waler 
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rocks opposite one of the gaps in the reef and in the outer line of 
rocky cays, giving the sea full swing to throw up the fragments of the 
ax>lian cliffs as they become broken off. 

The east face of Lynyard Cay is low and worn into low cliffs. In 
the background can be seen the pine forests of Great Abaco rising be- 
hind Tilloo Cay Sound. The last of the outer islets we were near enough 
to examine made the northern spit of the entrance to Cheroki Sound, 
while Ocean Hill, a promontory of Great Abaco, formed the opening to 
Little HarlK)r to the south of Lynyard Cay. As we lost Great Abaco, 
the eastern face of which is no longer protected by outlying islands, we 
could see the comparatively high vertical chffa extending southward in 
a nearly unbroken line to the point which we had seen on our first 
reaching the island north of the Hole in the Wall. 



SALT CAY BANK. 

Plates I. and XXXI. 

Before describing the banks to the eastward of the Great Bahama 
Bank I will give a short account of Salt Cay Bank, the westernmost of 
the three banks lying on the eastern edge of the Gulf Stream. Salt 
Cay Bank is triangular, with rounded angles, its greatest width l)eing 
about forty miles and its length nearly sixty. It lies at the western 
o|)ening of the Old Bahama Channel, the forks of which, separating the 
bank from the Great Bahama Bank and Cuba, are known as the Santaren 
and the Nicholas Channels. In general, Salt Cay Bank resembles more 
the Crooked Island and Caicos Banks, and has reached a condition in- 
termediate l>etween them and the Mouchoir and Silver Banks. There 
remain on the edge of Salt Cay Bank fewer islets and rocks than alonp: 
the Crooked Island and Caicos Banks, but they have not disaf)peared 
so as to leave mere rocks awash, as upon the edge of Mouchoir and Silver 
Banks. 

Salt Cay Bank has been described by Professor Agassiz in his Beport 
to the Superintendent of the United States Coast Survey for 1851, and 
republished in the Memoirs of the Museum of Comparative Zoolopry. 
Having visited the Florida Keys first and Salt Cay next, he naturally 
extended his explanation of the formation of the Florida Keys to all the 
cays of Salt Cay Bank. The structure of Salt Cay is, I believe, however, 
radicallv different from that of the other cavs of the bank which I visited. 

VOL. XXVI. — NO. 1. 6 
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It it, like Csj Loboo, built of reoent conl tand rock ucumukted after 
the fomiatioD «id disintegratton of the cajs of the bulk. It ii on 
the very edge of the bftnk, and owea ita eiietetice to the throwiog up at 
that point of coral sand no aa to make an inland, the underlying baae 
of which there in ever; reason to auppoae doea not differ fWtm that of 
the other banks of the Bahamas. This we may aafelj infer after an 
eiamination of the remaining outcropping islands forming the Double 
Headed Shut Ca^-a, the Muertos Caya, the isolated ialots of the eastern 
edge of the Salt Cay Bank (Dog Itocks and Damas Caya, etc), and tbo 
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steep beach, the summit of which is from twelve to fifteen feet above the 
level of the sea. The sea face is not more than twenty to thirty feet wide, 
while on the lagoon side the beach is from three to five hundred feet 
wide. As has been noted by other observers, the water of the lagoon is 
intensely salt. Wc saw nothing living in it, but many dead conchs and 
the shells of other large molliisks, }is well as those of innumerable 
smaller mollusks were found scattered all along the lagoon beach. These 
moUusks must have lived in the lagoon during a higher stage of water, 
when its salinity did not differ materially from that of the sea. It is 
surrounded by mangroves, many of which run far into the lagoon. The 
hills to the east are not more than twenty-five feet in height. I could 
not satisfy myself of their true character, and could not decide from what 
I observed whether the rocks composing them were asolian, or whether 
they had been thrown up during hurricanes, as was undoubtedly the 
case with a bluff which forms a part of the same low range separating 
the lagoon from the sea. This bluff was built up of large rectangular 
blocks of coral rock similar in structure to that of the inclined strata 
along the shores. Some of the blocks had been thrown up to a height 
of fully twenty-five feet above the level of the sea during the hurricane 
of 18G6. At least our pilot says that is the general report. 

Between Salt Cay and Double Headed Shot Cays as far as Rompidas 
Rocks we steamed on the edge of the bank in about seven to eight 
fatlioms over masses of coral heads closely clustered together, separated 
by narrow s;ind bars consisting of Astrrcans and other corals. At our 
anchorage off Salt Cay the coral heads w«»re growing luxuriantly in from 
three to five fathoms. The great abundance of living corals on the edge 
of the Salt Cay Bank fully accounts for the masses of fnigments of 
corals in all stages of comminution which we found on the l>each of Salt 
Cay, and for the formation of an island like Salt Cay, which is y)rohably 
wholly of reef-rock sand origin, and not of tr^^lian origin like the other 
cavs on the northern and eastern edires of the bank. Af^or niakincr the 
shallower water of the bank, the coral heads are fower, thoro are loncrer 
stretches of sand between the heads, and large spaces entirelv devoid of 
corals. 

Salt Cay Bank is, like the other banks <»f the Bahamas, a trianirular 
plateau fringed on the eastern and northern ed<res with islands and islets 
<»r isolated rocks all of rcolian strncturo, while on the western e«l^'eof the 
bank, with the exception of the Rompidas and Lavanderas Hooks, they 
have disappeared. The subsidence of the bank has probably be<'n 
fully as great as that of many of the other banks, if we are to judire 
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by tlio cotiditiun of the Duulilc Headed Shot Cays and of the AnguiU 

Tliu I'lxilJr Iloiulcd Shot Cays, u Approached from the •oitlli, pnmctit 
one iiiiiHH uf iwtUtPd rock*, islets, and ialituda without vegetation. PJbow 
Ciiy (I'liitu WXi.), the Intgest ialaud of the group, iaaaptendid apecimeii 
of the tnkiiiifdniiutiouB to which the a>olian rocks of the liahaiuM have Iiccii 
ati>ijfi-tv<l. The surface of the island is deeply pitted and honey com l>cil 
iu nil direct imis. Near the e<]|n there are many btuw-holva, thmujih 
which the spray iii sent in all ilirectiuns. nnU on the north side, where the 
water in deu|>esl, the action of the iiorttien must have becu one of the 
princi|ul causes of the wearing away of that part of the inland. Ilie 
Koliiiu structure of the rocks of the islund could be tnont plainly seen. 
At the landing to the south of the lighthouse, as well us in the deep 
chaniii'l fur landiut' stores cut into the rock on the north side, the Hlrali- 
fl*wliiii) Rij characteristic uf RMlian rocks was most distinct. Sieaiiiing 
acr^niN the Iniik towanls the Aiiguila Islands we found the Iiottom on 
Bait Cay Hank mnch like that uf the other Itaharaa Banks, with little 
animal lifi- but niany coralline algw. We <lreilged a few times on the 
way, bringing up miiuy fragmetits of shells and broken ('lyficaRtroidB 
showing the cffi-ct of the waves on this shallow plativu. The outlying 
rocks to the northwest uf the Anguita Islands could plainly !« seen to 
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THE EASTERN BAHAMA ISLANDS. 

PUte I. ; PUte VI. Figs. 1 to 4 ; Plate IX. 

To the eastward aud southeastward, and separated from the Great 
Bahama Bank by very deep channels, are a series of islands aud banks 
extending from Watling Island to Xavidad Bank, which in their turn 
rise sharply from the bottom of the ocean. These islands and banks 
are of all shapes, either elliptical, or circular, or more or less rectangular, 
or sometimes irregularly triangular. They are interesting as showing 
the diflferent stages through which the Bahamas as a whole have passed, 
from the time when they covered a far greater area than that now 
indicated by the islands, which in some cases merely form the sea fringe 
of the banks of which they represent the summits. The former isl- 
ands have been eroded and eaten away, and have wholly disappeared 
on the western faces of the banks, or have left only here and there a 
small island or isolated rock to testifv to the former existence of the 
same seolian hills which form the summits of the present islands. 

The smaller islands — like Watling, Conception, Rum Cay, Atwood 
Cay, the Plana Cays, Mariguana, and the Inaguas — still occupy nearly 
the whole area of the banks upon which thoy rise. The 100 fathom 
line of Great and Little Inagua, of Samana, and of Mariguana, is but a 
little distance beyond the shore line of these islands. On Rtnn Cay and 
Watling the 100 fiithom line bank is somewhat larger, and Conception 
Island is a small part of the submerged bank upon which it rises. But 
except Conception these islands have at no time differed very materially 
from their present outline. When, however, we come to such banks as 
the Crooked Island Bank, Caicos Bank, and Turk's Islands, we find ujwn 
them a series of islands which have been «n-eatlv modified bv the action 
of the sea. The islands, such as Crooked Island, Fortune Island, Bird 
Rock, the Fish Cays, Acklin, and Castle Island, which, with the exception 
of the westward face, nearly surround the Crooked Island Bank, are all 
that remain of the one large islan<l which undoubtedly once occupied 
the whole of this bank even somewhat bevond the 10 fathom line. In 
fact, we may well imaLnne the time when the Crooked Island Bank 
presented much the same appearance as Great Inairua, when it had like 
the latter its fringinjx reef a short distance from the shore line at a depth 
of four to fifteen fathoms, and forme<l perhaps here and there a reef 
harbor like that of Alfred Sound at the northwest extremity of Inagua. 
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Tlie (culian hilla of tbe western face of the former Crooked Itluad land 
were prubabljr quite low, and were noon eateu away. As the bank Miib- 
bidt-d, thii tjnwt lagoon or flat occupjiti^ odc« the centtsl pMt of the ial- 
aiiJ, aji ut Inagiia, soak below the level ufttie lea to become the l>utti>iii 
uf the boiik, while the low land to the weatward wu all waahvd away 
aud disiulegrated by the aotion of the nea and raina. 

We can readily trace a aimilar course of eveuta on Caieoa Bank, and 
find ttodiffiuulty inrecuuBtruutiiig thoCuicoe Itonk land. Thi* ia now aiilit 
ii}> into West Catcuo, I'rovideuoiole*, and North, (irmud, aud East Caicua, 
which form the uortheni aud nurthwosteni outline of the bmk, while 
Soiitli C'aicoB, Luiij; Cuy, AiiiLcrtTiB Caja, and the Swimmer Hock friMije 
the luateni fuue uC the bank, uiJ IhtdluiuteH Kuef, Frvuch Cay, and Weat 
&indH[>it are tbe reuinauU of the Iniid friuginj; the (outhweat line of 
the Caiooa Itauk. Here aud there on thi' Buutlicnatcm part of the tMUik 
riw! the Seal Cnya, I'ear Cay, White Coy, and the aniall rocks which 
were once a |>art of the greater Caieoa lontl. The Imnk itaelf, like 
Crooked Isluud Bunk, the Turk's Islands, in fact all the Inuks, not cx- 
ceiitiiiK the Ureat Bahama Itank, show a t]i]i ti> the wi«twanl, and the 
saiue is the case with the eniikcii Mnuchoir, liilvcr, and Navidnd llankii. 
tlmit and [.itile Inagiia evidently have not l>ecn suljoct to the same 
amount of sul«idence which has so materially affected tl>e islands and 
iMiiks tu the seuwanl. 

In ndditiun to these larger lianks wc have Mira por ti« Bnnk with a few 
insitinlii-nnt chvh, Diana nnd llmwn Itimks, both of which are sunketi, 
the lino with ten, the other with nine fathoms in the shulli>wcst [lart. 
Til llii< siuithcnHt uf Turk's Island* are Moiichoir and Nilvcr Banks, on 
Inih of wliiL-h there are rocks awowh and coral hendn on the northern 
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of ssoliaD hills coveriug the island. These hills rise to a height of from 
a hundred to a hundred and forty feet, and are covered with woods. 

An examination of the map of Watling Island is interesting as show- 
ing the great numher of lagoons which occupy so large a part of its 
surface. On the western side is found the largest of these lagoons. 
It is quite shallow, the part we examined varying between one and a 
half and three feet in depth. An artificial cut has been made through 
a low ridge separating oue of the western lagoons, about half a mile from 
Kiding Kock beach, so as to make a boat passage to the larger lagoon 
and reach by water the vicinity of the lighthouse on the northeastern 
extremity of the island. The cut shows the same scolian structure of 
the rock so characteristic of the islands we had so far visited. In the 
distance, on the opposite side of the lagoou, could be seen rising the 
same solidified a^olian hills which characterize the structure of all the 
islands on the larger banks. The examination of this side of Watling 
Island plainly shows its structure to be similar to that of the islands 
to the westward, and also shows that Watling owes its present config- 
uration and the existence of its many lagoons to the subsidence which 
has caused the gradual disappearance of the extensive tracts of aeolian 
land which once covered the greater part of the Bahama Banks. 

The bottom of the great lagoon is thickly covered with algse (Ace- 
tabularia), and the shores of its beaches are lined with diminutive speci- 
mens of the same species of shells found on the open sea beaches. The 
water of the lagoon is intensely siilt. It connects evidently with the sea, 
as our guide mentioned several blow-holes through which the tide is 
forced into the lagoons. 

The shores of the lagoon are lined with mangroves. Parts of the 
lagoon have been separated from the sea by a high narrow beach thrown 
up by the incessant Atlantic swell ; but by far the greater number of 
the lagoons of Watling Island are due to the general subsidence of 
the island, fonninj:^ drainage areas, and allowing the sea to cover the 
flats intervening between the ranges of reoli:in hills and then to the 
closing of these openinj^s by coral sand beaches thrown up by the sea. 
^lauy of the |K>nds are disconnected, are salt, and are supplied by per- 
cohition through the barriers separating them from the sea, or by blow- 
holes connecting them directly with it. This is especially the case 
with some of the ponds only separated from the sea by narrow beaches, 
Many of the lagoons are in underground communication with the sea. 
and in some of them the position of the blow-holes through which the 
sea water is forced up can be traced by the commotion of the water of 
parts of the lagoon. 
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Tha tubudenoe «Dd erosion of the isluid have formed ui extetuive har- 
bor at the DorthooiUni euJ, hemmod in on all sides bj ialmnde and isleu, 
leaving a couple of paiuMges to the northout of (ireen Cay into Unduua 
Harbor. Friugin^ tliia harbor, and following ita outline in from three to ui 
fathoma of water, extensive patches uf corals are met with which form to 
the eastward a more or leas oontiiiuous coral reef, with an inner protected 
passage for boats and smaller vimsels along the whole of that faco of the 
ialnnd. Theoo induponduut patches uf conls are also found on the west 
const, as at Hiding Ilocks, but are not so continuous as on the coJit coasL 
The corals funning these patches are the commnn West Indian ajiecios 
uf Madrvpores, Mtcandriua, Astmaus, aiid OrliiccUas, with Klubcllum as 
the moat ooninion uf the Ciorgoniaos. Sailing round Urahnni Harbor, wo 
followed a course parallel to the eastern shore. The outer reef slii-lters 
the loDg sand beaches fairly well, and the fumier outline uf tho island 
was such tliat there are but few vertical blulfs on the windward aide of 
the island. The hi);hest hilts are on this eastern side, one rising to the 
southward uf the lifilithouse, its sea face forming the white litulTs which, 
according to Captain Ilecher of the Itoyal Navy, tlauked the beach where 



,r-r^0^ 



Inmhus first landed, while the spurs rn>m Fortune Hill nearer the 
ilhirni end i>r titc isUnd extend to tho sea and form the white clifTs 
lich acc<irdinf> tu Sir Henry Dlake flnuknl to the north of ('oluuibiis 
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fiud an anchorage, and from which the boats of the fleet might have 
rowed in safety to examine the ** other side," and return the same day 
to their ships. 

I may here quote from a translation, by Mr. H. L. Thomas of the U. S. 
State Department, of the Journal of Columbus,^ the following points of 
interest regarding the so called barrier reef oflf the east face of Watling 
Island : " Went along the island, in a northeasterly direction, to see the 
other side, which was on the other side of the east. ... I was afraid of 
a reef of rocks which entirely surrounds that island,^ although there is 
within it depth enough and ample harbor for all the vessels of Chris- 
tendom, but the entrance is very narrow. It is true that the interior of 
that belt contains some rocks, but the sea is there as still as the water in 
a well." 

From Columbus Bight on the east coast there is fin excellent boat 
passage inside the reef leading to Graham Harbor, and it is within this 
passage that the boats of Columbus probably rowed to explore the 
otiier side of the island. It is undoubtedly to this passage, sheltered by 
the reef, and to the reef harbor, that he refers as capable of holding the 
navies of the world. Such a wonder as a reef harbor or a passage inside 
a barrier reef could not fail to strike him, and it seems strange that it 
is not better described in his journal, and that so little is said by him of 
the striking contrast of the light green color of the water inside the bar- 
rier reef and in Graham Harbor with the dark blue of the ocean beyond 
the 100 fathom line. 

The 100 fathom lino extends about a milo bevond the reef. Inside 
the reef, the passaji^e is on an average about a tliird of a mile wide. The 
100 fathom line runs at a fairly uniform distance from the shore all 
round the island, except off the Hinchinl)roke Rocks at the southeast 
end, where the bank extends seaward more than two miles, and comes 
in again along the south shore to Southwest Point. 

Along the west coast disconnected patches of coral lieads extend from 
a deptli of three or four fathoms towards the edge of the bank. We came 
to anchor that same day at Southwest Point on the steep slope of a sand 
l>each. Here we also foinid, in from four to twelve fath<^ms of water, 
outside the action of the breakers, fine patches of Madrepores and other 
masses of corals furnishin;^ material for the recent coral beaches which 
form a low plateau flankintj the a^olian hills. This plateau lies at inter- 
vals between lieadlands along the western face of the island. 

» G. V. Fox. Appendix 18, U. S. Coast and Geodetic Survey, Report for 1880, p. 14. 
' Not tlie west side. 
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Bum Cay and Coooeptlon laland. 
riMm IX. rtc. II. 

From the louthwNt poiut of Wktling IsUod we ■teamed to Rum 
Cay, tlio ■tmcture of which it very eimilar to that of Watling. Tlie 
■alt poitda Bro limited to two tmall aroaii from which fbrmeriy a ooraid- 
enble amuiiat of luklt wm flxported. 

Oa our [NiMBgo from Watliug Island to Kum Cay, and while •ailinfi 
round it and on uur way to Clarence lUrbor, we pMied through miaty 
■trealu of gulf-woed. 

The bauk of which Rum Cay forms the lummit eitends northeast 
about five miloa to Uie I OU latbum line. Tho bank ia narraw ou the west 
bcu. Uu tho north aide the 100 fathom line ia not ([uite two milea from 
■huTv, itud variva fh>m three inilca to three aud a half on the west aud 
■outb aidus. On the cnatem aide the aalt ponda are aofiaratwl from the 
■ea by aiiliau hills varying from fifty tu ninety feet in heiifbt, and un the 
■outh by walla of rucent ooral aaiid. Tlio uortliem and wratem enda uf 
the ialaud are alao capjwd by milian hillocka 

Ruin t'ay ia about nine and a half milea in Icn^h by five in breadth 
at the cnat end aud two at tho wnl. The aouthcru aide uf tho cay ia 
ed|^ by a curol reef nearly a mile off shore, growinft upon sunken 
patches uf aNiliau r»cka A wide entrance throu)(h the reef forma Port 
Nclnin intiidu (lie reef with four fiithoma uf water Than aru patcbes 
of cunila all ati'iiK the north shore alrtiiit half a milu fn>m it. The 
corala are Ibriviittc* and consist, as far as we uxamiiwd them, mainly uf 
hu^ ninHMi of Aatra-nna, Orbicellas, Msdrcpura |ialinsla, and .Millefiorea 
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The Crooked Island Bank. 

Plate IX. Figrs. 1, 0; Plate X. Fig. 4; Plates XXX VU. and XXXTIII. 

The most westerly of the smaller outlying banks of the Bahamas is 
the Crooked Island Bank, which is triangular in shape. Its northern 
side is about thirty miles long, its eastern face forty, and the western 
forty -eiglit miles. The bank slopes very gnidually towards its western 
and southern edge. The 100 fathom line runs close to the edge of the 
bank along the sea face of both Crooked and Acklin Islands, as well as to 
the west face of Fortune. This and Caicos Bank are, as it were, epitomes 
of the Great Bahama Bank, representing on a small scale the charac- 
teristic physical features of the Bahamas. Fortune Island forms the 
western edge of the bank, Crooked Island the northern, and Acklin 
and Castle Ishind part of the northern and eastern face of the trian- 
gular bank, wljich is open to the sea for the greater part of its western 
side. The islands forming the outside edge of the bank are all narrow; 
both Crooked and Acklin Islands are somewhat wider than Fortune 
Island, spreading out on the northern and western sides very gradually, 
and passing into the shallow waters of the inner northeastern part of the 
bank. From the western extremity of Crooked Island extends a wide 
range of seolian hills, the Blue Hills, occupying the central line of the 
greater part of the island ; the summits reach a height of about two 
hundred feet. Near the eastern end Mount Pisgah rises to two hundred 
feet close to the shore. 

The whole northern face of the bank is edited by a coral reef extend- 
ing from Northeast Breaker on Acklin Island to Bird Kock, where the 
reef forms a well sheltered basin. About a mile from the northwest 
point of Crooked Island is Portland Harbor, with three to four fathoms 
of water. 

Acklin Island is separated from Crooked Island by a wide passage of 
about two milfs, but verv shallow. The eastern face of the island is 
skirted by a reef nearly continuous from Northeast P»)int to Castle 
Island, l)ev()nd the southern ext remit v of Acklin Island. Castle Island 
stands on the southern end of the Crooked Island Bank, and is about 
two miles in length. On the northern and eastern sides of Acklin Isl- 
and are a series of aiolian hills lying along the eastern face, which 
rise to a hundred and fiftv or two hundred feet. Near tlie southern 
extremity thov are somewliat hi^zher than those of Fortune Island. 

The west shore of Acklin, like the southern shore of Crooked Island, 
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ia low, ruuiiin^; into tbe shallow water of tho buik. Nowhere, except 
uear tho aouthcrn end of Fortune Inland and to the wcat of the Fiitl) 
Cays, Rud a sioall patch to the caatward of them where there are two 
ruthiiuiH, in thJM iihallow watur of greater dupth than oue to one and n 
half fatlium*, and > great itretch of tbe bauk carries oven lew Umn 
that. 

Acklin Island and Caalle Iilaod, aa leen from the aontheaat, pre- 
acnUid no featurcB differing in an; way from thuw of tho other Itahama 
Itdun<l>t. Vertical bluffs uf a-uliuii ruck, of (greater or leu height, char- 
acteriiu their sea face. The treud and outlino of the nolian hilb uf 
Acklin plainly indicate their origin. 

Fortune Inland is nine miles lung, coinma-ahnped, barely a qimrlcr of n 
mile wide at its uurtlieni extremity. Near the south end a hitl rising ti> 
a hnnda-d ami ten fet-t xhipet gradually towards it. Off the cost ciinnt 
near tho south end there is a deeper Iwit of water running mjiiill.r 
into sii or seven futhoms. Frum tho southwest end of Fortune Ulaiiil 
a narrtfw rcof eitiiids along the whole westeni fuce, in frtim fuur to 
twelve or fineun futhoms, towaniM the edge of tho 1(KI fathom liiir 
bank, which dmps olf abnijitly from the outer oilge of tho reef. Tht- 
Fiali Cityn are the only remnants of tbe land once skirting the south 
em part of the wenii-ni c<lge of the hank, or perlmjM uf the land which 
once coven^l tho whole Imiik, and of which the larger iHliinds are 
the vaiiinhing tofm. To the caatwanl they are KuminmUii by a terieM 
of Hand lK<r(-H which do not quite reach the surfai-e at low water. Off 
the west <.-<>as( of Fortune Inland tbe KHi fathom line runs clow to the 
shore, leaving but a namiw licit uf suundingn. This licit widens out 
Boniewliat aliout half-wny north along the went Kbore, and from that 
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with patches of the common West Indian Gorgonians. The corals on 
the bank exist in irregular patches, and do not extend any distance 
eastward. Tl)ey flourish along a narrow belt on the edge of the bank, 
between three to six and fifteen or sixteen fathoms. 

On the bank side of Fortune Island the slope of the hills runs insen- 
sibly into shallow water ; but, steaming on the western face, the shores 
all the way from the South Spit of Fortune to its northern extremity 
are flanked by low wolian cliff's interrupted by steep coral sand beaches. 
Al)ove the low cliffs extends for a considerable distance a line of an- 
gular rocks thrown up above high-water mark by an unusual swell or 
by hurricanes. 

The lagoon which extends south from the settlement nearly to the 
southern end of Fortune Island is separated from the sea by a high 
steep coral sand beach (Plate X. Fig. 4). The beach becomes gradu- 
ally much lower north of the settlement ; it extends all the way 
to the northern extremity of Fortune Island, and is again seen on 
Crooked Island, being nearly unbroken along the whole shore line as 
far as Portland Harbor at the northern end of the island. Crooked 
Island is also built of a?olian hills with gentle slopes to the west except 
near its northern spit, where the shores consist of low vertical cliffs. 

From Bird Kock lighthouse the beautiful sweep of a coral reef con- 
necting it with Crooked Island forms a fine bay sheltered from the north- 
east trades, the green waters of which stand out in marked contrast with 
the (lark blue of the deep water off the bank, while the white wall of 
breakers marks the dividing line between it and the deep water to the 
east. 

If Columbus visited Bird Rock, or Cape Beautiful, as some writers call 
the western end of Crooked Island, he could not have failed to notice 
a physical phenomenon so strange to him as that of a coral reef forming 
a bay well protected from the prevailing winds, nor could such a sharp 
observer have failed to describe at length, or to note at least, this pecu- 
liar feature of the sea. 

To the westward of Castle Island is the Mira por vos lUnk, with 
soundings near the edge of from five to nine fathoms. It is pear- 
shaped, with a cluster of low barren rocky cays, the highest of which 
is but thirty feet. At the north end they are connected by a reef; and 
there are several disconnected patches of corals, with three fathoms of 
water over them. 

Two other small banks rise in the Crooked Island passage. Diana 
Bank, twenty miles to the west of Fortune Island, is about four miles 
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in lenfcth, in from nine to fin^eo ruthomB of wat«r. The buik is nid to 
consiMt of MLiid uiil uf oonU. South of Mira por voa Buik riwa th« 
peak of Brown llaok (Kkusaa Bnuk), which baa from ten to twwntjr- 
tlirco futhoina of watur on it. Both thsM bauks drop abruptly into deep 
water frum the 100 fathom line, oloae to the ioimdiuga indicated. 

A number of other amall banks have also been reported, but their 
position is dinihtful. They are Cuidodo Bank, south of AlariKuaua, the 
Clarion Bauk, wiutli of Matliew Town (Inatrua), the Fawn SIhmI, anuth 
of Turk's Ifllond, and the Severn iShoal, to the noitbeast of Silver Bank. 
It is nut oatonishing that, in a district where the cumnta are ao strong 
aud HO variable, it Bhi>uld bo difficult to find (lie powitiun of rv|>ortcd 
ahoals, the ori^'iual [Kjaitions of which are genendlj ver; inaccurate. 



Hariguana, the Plana Caya, and Sanuma. 

PUm 1. 1 rlaM ix. wig. 4. • 

On accotmt of the iitn<n)!th of the tmilea we did not vioit Mariguana, 
Samana Island, or the I'lnna ('aya. Tlie hitihcst point of .Mari)^ann in 
statnl to l>e a hinidred and one feet, and at the cant end there are eeTeml 
bnmniockM of fW>m forty to aiily feet. The hills, I am informed, coiiHiit 
of the retnilar Bahamian a-ulian rocks, and the same rockn also occur on 
the I'lana Cays. The north sburo of Marifciiana is skirted for its whole 
Icnirth by a ret^f. Tlie west shore is Initd, and the I'Ht fathuni line of the 
Isink is cbuie (o the land. The aoutb alinre, with the ein-ption of a ret-f 
which iiniln-tit .\l>fulinm Bay, is clear; the iMttom is oivrrcil with clean 
At Southenst I'oint a reef of nearly nino miles in tcni,th eitcndii 
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The highest point of East Plana Cay is about seventy feet. On the north 
side of West Cay the bank limited by the 100 fathom line extends about 
two miles. 

Samana Cay is nine miles long and about a mile and a half broad. 
Its surface is uneven, stated by Sir Henry Blake to be perfectly barren, 

Samana 
orAtirood. Cay 




^ '^ 

Lat. 28° 6' N. ; Long. 73© 4(y W. 

and the most inhospitable looking of the islands. It attains a height 
of one hundred feet. The narrow cay running nearly due east and 
west is practically fringed by a coral reef, occasionally broken for its 
whole length both on the north and south shores. 

The Caicos Beink. 

Plate I. ; Plato IX. Fig. 8. 

Caicos Bank is the largest of the eastern outlying Bahamas. Its out- 
line is most irregular, extending sixty-four miles east and west and fifty- 
eight north and south. The northern and the greater part of the eastern 
face are edged with islands, all consisting of aiolian rocks. 

The wearing away of the Caicos Bank has taken place on a propor- 
tionally larger scale than on the Crooked Island B;ink. The Caicos 
Bank is protected from tiie northeast trades by a line of islands extend- 
ing from West Caicos cast in a great curve, namely, tiie Providencialea, 
North Caicos, Grand Caicos, and East Caicos, South Caicos, Long Island, 
the xVmbergris Cays, and Swimmer Rock, forming the only land on the 
east face of the bank. A few isolated patches of rocks of npolian origin 
rise a few feet above the surface on the southern sj)it of the bank, and 
on its west face French Cay and other shallow patches mark the out- 
line of the former Caicos Land. On the sides facing the interior of the 
bank the shores of the northern islands are all low, passing into lowlands 
scarcely rising above the level of the sea, and thus forming most indis- 
tinct coast lines, which gradually pass into the shallow soundings char- 
acteristic of the northern part of the bank. 

From the northern end of West Caicos as far ns the south end of 
South Caicos there is on the outer edge of the bank a coral reef 
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oxtendio|{ nearly iiubrakcn Along ita wbole length in from three to 
twfllvu fattionia of wat«r. The reer forma a wido belt betirMn Weat 
Caicoa anil I'rovidenciulea, witb a narrow pouage of from two to Ave 
fatltoma of clear vrnter between the reef and Providnncialeii. It akirta, 
Iwtli an a fringing and aa a Iwrrier reef, the northeni ahora of I>rQvi- 
deucialtia, with but a narrow channel between the barrier reef and the 
Hhore. It eitcnda along North Caicoa, at a diataiice varying from 
half a mile tu two milca ufT shore. There if a breitk in the reef at 
Juniper Hole, lietwocn the North Caicoa and Grand Caicoc reef. The 
latter eiteiids ueiirly unt>rukeu along thu north aide of Urand Caicoa 
and Knat Caicim to Cape Comete, and thence aontli along the cast focea 
of i'jxhl und South Cuicua. Along Long Cay the lUO fathom lino is chwo 
to itN cuatvni riu.'t-, from its aouthem extremity the reef runs in iaolalod 
imtchvH towards Aniliergris ('ays. We were tinalilo to oliK-rve its eounw 
along the suullium edge nf the bank. The edging rcof rongipears again 
about twenty miles sonlheaiit of West Sand Kpit, extending all the way 
to that point and westerly to French Cay, Itcyund which it firms citvn- 
aive and nearly ciinlinnons rcefa along the edge of thu 1i;ink, such as 
Uolaasea and the Sonthwcat Koefs east of Went Caici«. 

A little to the aoulh of French Cay we eiitentl i)[H>n the l>ank, paning 
through an o]>enJng in the edging reef, and steamed nearly enat acniaii 
the liank, cnrrying fn>m two and a half to three fathoms of water, to 
Long Cny, {MUMing in sight of Aliddletou and Sii Hill Caya, and out 
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of the clouds, is often seen at great distances ; it is known to the bank 
fishermen as the bank bliuk. 

Our pilot informed me that in from six to ten fathoms of water on 
the southern part of the east face and the southern face of the bank there 
are large tracts covered by a species of Thalassia, judging from his de- 
scription of the weed. 

We examined the bottom on the Caicos Bank on our way across from 
French Cay to Long Cay. As we steamed along we came upon patches 
of Gorgouians and of large heads of corals (Astrseaus) separated by long 
irregular lanes of sand, or nearly choked by it. The coral belt of the 
western face of the bank was, where we followed it, in from four to ten 
fathoms, although limited in exteut, of a rather more luxuriant growth 
than on the cast face of the bank. At Molasses Reef it has reached the 
surface, and isolated patches are exposed at low tide. The bottom con- 
sisted mainly of broken shells and of seolian sand, more or less tied 
together by the roots of calcareous algje. 

On leaving Caicos Bank the fine white (Bolian cliffs of the southeast 
end of Long Cay formed a prominent landmark, and gave us an excel- 
lent idea of the extent of the disintegration of all that side of the Caicos 
Bank land. The Turk's Island Passage is remarkable for the abundance 
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of its pelagic life. In the first place, gulf-weed was most abundant ; 
Appendiculariaj in their houses swarmed ; a species of Mertensia was a 
common Ctenophore ; Li Hope, annelid and crustacean larvae, embryos 
of corals, Pneumodermon-like Pteropods, large and small Arachnactis; — 
in fact, a finer display of pelagic types than we found anywhere in our 
cruise outside of the track of the Gulf Stream between the Cuban coast 
and Florida. 



Great Inagrua. 

Pl«t«t I. and Vin. : Plate VI. Tig, 2 ; Plate IX. Fl^. 8. 

Inagua is about forty-five miles long ; its outline is most irregular, its 
greatest breadth being only eighteen miles. East Ilill, the highest point 
on the island, stands on its east face, and is one hundred and thirty-two 

VOL. XXVI. — HO. 1. 7 



98 BULLTTIH : HUSEUH OF COHPARATIVZ ZOOLOUY. 

feet high. Korth of Eaat Hill & number of hilli rather higher tlian thoee 
of the Huuth shore extend to Northeast I'uiitt. A number of lnw hilla 
from tliirty to ninety feet in hei^^ht iikirt the aiiutheni face of the iHland ; 
when V]if>n>achiug them from the auutb, aa we did in coming from Ca|io 
Maysi, tlicy appear like diiilinut iaiuiids. The hilla are covered with 
■tunted buahoa and palnicttoa. The weat aliure ia comparatively low, 
Mortimer Ilill north of Mathuw Town being ita highcat poiiii. lleyond 
Alfred Sound on the north shore riaca Jaiues Dill, «l>out ninety fct-t 
high, tho only elevation west of L'armii:hael I'oiut ; flanking Ocean Kight 
are a number of hilla (W>iu seventy tu ninety feet in height. The interior 
of the island is low, wooded, and iutersccti'd by many lalt water laguona. 
A rtwent coral sand beach, quite stoop, ia the lauding place of Muthew 
Town to the north of tho l)ghthoua«-. Tlic material for the henuli comes 
in )iart from tho wearing of shore coral snnd rocks which citend all the 
way along tliu coast fnim tho Lighthoiisu Point northward, aud in part 
alsu frum the fragments of the belt of cornl r<N.-f which grows niKin the 
narrow tuiMt shelf of the island. Tho low plain furuiiug the tiri-ator 
)iart of Inapia Islaod apparently cinHists of shore coral n-ck riniiif; but 
a few feet above high-water mark, which has been dc[>oait(.>il in the sinka 
between the teolian hills flanking the n<>rtheni and amitheni ahoren. The 
■idian hilU rise frum the niirtbent and wvHtem ends of the inland, and 
inrreaao in height to the eaatwanl. This plain is fairly covered with 
v<igi-lation and with ciamo grass, and uffonls eicidli'ut |iiutiirago for 
otitic and horses, whirh nin wiM over the taland. 

Tliu eaHlern fare of the island is skirted hy n rvcf fmm six hnndred 
feet to hntfa mile fmm the shore, (he 100 fathom line U'ing alHiut half 
a mile from the reef. Nearly tho whole of the south shore is al«> aim- 
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east from Palmetto Point also skirts the western part of Ocean Bight. 
All along the shore from Palmetto Point to Northeast Point the bank 
formed by the 100 fathom line is very narrow. The coast is steep, and 
is exposed to the full action of the northerly winds.* 

We did not visit Little Inagua. It is quadrangular in form, eight 
miles long by five miles broad (Plate IX. Fig. 3). Its highest point 
on the north side is sixty feet, and on the south side there are a few 
hills of nearly the same height. The northeast and northwest shores 
are bold, with a clear sandy bottom to a distance of about one third 
of a mile. There is a coral growth off the south and east sides ; on the 
west side the bank to the 100 fathom line is perhaps a mile wide. 

We may readily imagine the various banks on the Bahamas to have 
been somewhat in the condition of Inagua. An extensive and flourishing 
coral reef on the edge of the bank may have supplied the material for the 
formation of the great shallow bank which once existed at the foot of 
the ffiolian hills, which in their turn were formed from dry material, 
sapplied from the shallower portions of the bank, blown into dunes and 
consolidated. 

The outlying eastern islands, Samana, the Plana Cays, and Mariguana, 
resemble in their structure Watling and Rum Cay, occupying nearly 
the whole of the bank of which they form a part. 

Neither Inagua nor little Inagua has changed its outline greatly 
8ince the subsidence took place which so materially altered the face 
of the line of banks from Crooked Island to Navidad Bank, Judging 
from an examination of the charts, it api)ears that, as we pass eastward 
from the Crooked Island Bank, the banks have been worn away generally 
in proportion to their easterly position. The Crooked Island Bank has 
in proportion to its size a greater amount of dry land fringin^,' its bor- 
der than Caicos Hank, that in its turn more than the Turk's Islands 
Bank, while the Mouchoir, Silver, and Navidad Banks carry more water 
as we pass to the east. 

' Dr. Henry Bryant visited Inajjua in IJ^oO, and pave a short account of the 
island in 1860. (Proc. Host. Soc. Nat. Hist., Vol. XI. p. 63.) He considers the salt 
lake "the remains of the oripinal lajioon which once occupied the greater part of 
the island, and which has been gradually filled up so evenly that the portion which 
still remains is nowhere more than a few ft-et in depth." As Dr. Bryant well says, 
the fertile plains are merely salt plain-* covere<l with a coarse grass dotted here and 
there with clumps of stunted trees, and scarcely elevated above the level of the salt 
lake. Dr. Bryant considered both Inagua and Watling Islands ns " nu-rrly a nar- 
row margin of an interior lagoon " : the plains as " the remains of lagoons formed 
by fringing reefs filled up by the action of the winds and waves." 
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It is worthy of notice that tb« potition of til tfa« importuit udftoda 
of tlio Urt-at Bahama, Crooked Islant), and Caiooa Banks — as well aa 
of Little liahaiua Bank with the eicvption of Bahama Lilaud — is on 
tlio weather aide of the biinka, either on tlie eaatttrn or northGni faca. 
On the weatem side we tind only small inlets or roclu, the remnants of 
the wustem islanda which were the finrt to disappear on the subaidenoe 
or the tilting of the wcstom shore This must have resulted in leaving 
the northwestern and rastem facca of the banka at a higher level, and 
must hIbci liuve given to all the bonks of the Itabamaa a very gradual 
dip til the weatward. This is found to be the case whether wc examine 
the section of the bunk from Andrus to the Santarcii Channel, or from 
Eli;iitlicra to the Tongue of the Ocean, or from Liing Island to tbe Old 
Ilabauta Chauuel, or that of tbe Little Itahama Itank froin Oreat Ahaco 
to Burrow Cay, or a line parallel to this from !J[)anish Cay to Mctnoiy 
Ilock. The couliguration of these wide shallow baiikH, flanked by isl- 
aiidn on the windward face atid by islets or rocks on tbe wcMlem face, 
plainly shows that tbe growth of the recent vorals, which flourish in 
fnim throe to fideen or more fathoms almost aroinid (ho whole outer 
face of the lianks, baa added ven- little to the amount of land, which oou- 
aiats wholly of oiilian rock. It is (inly here and there that bights in the 
disintegrating islands have lieen tilled as it wer« by the material thrown 
ttp from adjoining coml reefs, and thus ooral aand flats have iM-en formed 
abutting nptm older »oli«n bills. Tlieae flats, however, runn but ao 
insigniftcant part of the land which remaiiu, and ]ilay no important 
part in the c<inflgumtliin of tbe islands of the Uahamaa. 

While crossing the Caiooa Bank we encountered large manoa of 
gulf- weed. 
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» . 
lated the salt ponds once the source of a profitable indusliiy for the 
inhabitants. On the west side of the island near the soii-'tlieTn end 
the 100 fathom line is less than eight hundred feet from tko shore, 
and the reef which skirts that part of the island forms an expced-^ 
ingly narrow belt from the 4 or 5 fathom line to the 12 or 15 fathofiv; •. 
line. It fringes the southeastern end of the island, and on the east •'.•;/. 
face extends in a mass of disconnected heads irregularly scattered - .. 
over the 3 fathom line reach which stretches eastward from the shore, 
gradually passing into the reef which flourishes along the 4 or 5 
fzithom line, and which extends from Northeast Reef to Tucker Hock, 
along the centre of Turk's Bank, connecting all the cays of that side. 
On the northern part of the west face the reef is broader and has a 
width of from an eighth to a quarter uf a mile. It increases in width 
on the north side, and there connects with the broad reef on the east of 
the island. To tlie southwest of the southern spit of the island a reef 
runs for nearly four miles which protects Hawk's Nest Anchorage. The 
whole of the space included bet\\een Gibbs, Long, and East Cays on 
one side, and from the south spit of Turk's Lsland to Salt Cay on the 
other, is filled witli liuge heads of corals, some of which have been de- 
scribed as having attiiined an exceptional size.^ I am more inclined 
to look upon these gigantic coral heads as coral blocks of the usual 
size growing upon isolated pinnacles of aolian rock such as are so 
eommon in the Bahamas and the Bermudas, and which here represent 
tlie remnants of the disintegrated greater Turk's Island, which has all 
disappeared towards Endymion Rock. 

Eiist Cay is the highest of the Turk's Islands, the jeolian hills being 
ninety-six feet high. Cotton Cay and Salt Cay are both formed, as is 
Grand Turk Island, in part of shore coral rock and in part of ajolian 
rock. Sand Cay, the southern of the Turk's Islands, also consists of 
ajolian rock. A coral reef runs off from the island in a northerly direc- 
tion for nearly two miles. 

The southernmost trace of the former Turk's Islands land is Endvmion 
Rock, which stands isolated near the southwestern spit of the Turk's 
Islands Bank. From Salt Cay to the southwest spit of the bank the 
soundings vary from six to thirteen fathoms. The whole bank has a 
remarkably uniform depth, and a very abrupt slope from ten or twelve 
fathoms to one hundred fathoms. The bank is covered with decora* 
posed ceolian rock siind, mixed here and there with corallines. 

» See A. E. Verrill, Proc. Dost. Soc. Nat. Hist., 1862. 
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NavicUd, BUvw, and Hoaohoir Banka. 

rimU IX, Wtgm. 7, B, 10. 

•'./•The moat Boutberly of the Bahama baaka is Navidad Bank. It hu 
['a Ifiut dt'ptli uf olovoii futhuma nuar tho aoutheutern oxtreiuity. >'rum 
thu ■ouiiiliiiga it appcant to vary liltlu in depth. Tho aoutlicaatcm |«rt 
of the twuk n\i>[MM uff to thu lUU futhoui linu Mmewhat )om aliruptljr 
tliaii cither tho oaatera or wrateni Tace. The depth on the inuin liudjr 
uf tliv baiik varies frum eleven to acvcntccn fnthom*. It ia cuvcrod with 
ftuliun aniid modifiod by Nnlliporca. Nnvitlad Itauk ia oviil-shB|ivd, 
twenty-two niilua long Id a north and south dirvctiun, and iu tho centre 
alxiut eleven miles wide. 

Itetwovii Navidad and Silver Itanka then) are three amal] aubmarine 
baukM riaJnt; to a depth of ti-n, twehe. and wvenluvn fnlhoms. 

Silver lloiik, the next bunk to the woittwanl, i« nn irrcKnlarly rcctan- 
gulur liank. Its oaateni suinewhat concave aide is twenty-nine milus 
lun^- The northern aide ia ihirty-ciirht miles. The centnil [art of that 
aidf, at a diHtanM' of aliDut eii;ht niili-a from the soiithriwtfrn extn-niity, 
is iH-cnpiiil by a triantfiilar [iitleli of tural heads which nru awash and 
eili'nd nearly live miles inland, tuwurds tho northwest angle uf the 
bank. 

The wost side of the Iwuk niiw nearly north and anuth thirty-seven 
miU-H. Toml lifudii cmp «nt only at one i)<>int of (his side of the bank, 
and hIh» r.u the wonlvni {«rt of the sonthem lino of thu liank, which is 
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Hogsty Beef. 

PlatCA I. and U. 

Hogsty Eeef is a small atoll, irregularly elliptical ; its longer axis is 
somethiDg more than five miles and its shorter about three at its widest 
part, measured approximately from the limits of the 20 fathom line. 
As will be seen from the deep soundings to the northwest and south- 
west of the reef, there is a depth of nine hundred and five fathoms not 
more than four miles and a quarter from the 100 fathom line to the 
northwest of Northwest Cay, and as great a depth as twelve hundred 
and eighty-one fathoms somewhat less than four miles to the south of 
Southwest Cay. The accompanying sketch of the reef (Plate II. Fig. 1) 
I owe to the kindness of Captain Wharton of the British Admiralty. It 
has been slightly modified from the soundings taken by the "Wild 
Duck " off the northeastern face of the reef. Quite an extensive pla- 
teau was developed on that side, extending the 100 fathom line more 
than a mile to the eastward from the position formerly assigned to it. 
With that exception, the shelf between the 3 fathom line and the 100 
fathom line is quite narrow, and the slope most abrupt between seven- 
teen and a hundred fathoms. It is only on the eastern edge that suc- 
cessive soundings were taken of ten, eleven, and twenty fathoms before 
reaching the 100 fathom line. Usually we might strike ten or twelve 
or perhaps fifteen fathoms, and the next sounding would show no bot- 
tom with the 50 fathom hand-line. The slope to the south of the atoll 
is slightly greater than 1 : 2.7, and that on the northern side not quite 
so steep, 1 : 3.1. (Plate II. Fig. 3.) 

With the exception of the broad triangular shelf on the eastwanl side 
of the reef, where the corals extend out fully one mile from the breakers, 
the anmilar ring of growing corals is less than a thousand feet wide. In 
the lagoon itself no heads are growing except those which are found scat- 
tered between one and a half and two fathoms ; these grow more luxu- 
riantly as they get within reach of the effects of the last inner line of 
breakers. IIt?re and there a head is also found in the lagoon in some- 
what deeper water, but none were seen inside at any distance from the 
shallower parts of the reef. On the eastern face there is a stretch of 
corals perhaps a hundred yards in width, of which here and there a mass 
id exposed to the air at low tide, but as a rule there is a foot to a foot 
and a half of water at low tide over the shallowest part of the reef. On 
this narrow shelf and on its lee side are thrown up fragments of corals. 
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or inwll hoads, Nulliporea, Gorgouiuu, uid d^bria of HoUudts torn off 
from tbe ouUide of the reof liy the iooeuuit iwall of the trade viodii. 
Owing to the stecpneu of the weather shelf then are Dot more than two 
or three linea of breakers uiually pouoding on the reef. The oonle 
growiug to •oaward are almoet entirely made up of large rouacc of Aa- 
tncaiu aad of a few beada of Madrepora palmata. There was a greater 
variety of apeciea on the lee aide of the ahelf, — Madrepora ccrriconiM, 
■mall heads uf MBandrinas, Maoioina, and clusters of Millepora, as well 
as large patches uf GorgouianL NuUiporcs are most abundant on the 
■ummit of the reef, growiug upon the smaller fragments of breken oorala, 
which they also often oenient together, when they arc forced itiward iutu 
deeper parts of the lagoou, where the cementtid masses frequently form 
beads of considerable site. 

Longitudinal and croaa sectiona of the lagoon show that its bottom 
is uniformly covered with coarse sand and broken shell material, or fine 
•and, according to tbe distauoe from the action of tbe breakers. I'lwu 
this louoer material algic and ooralliuea thrive and grow abundantly, 
geuenlly in large patches. As will l>e seen from the survey of the atoll 
(Plate II. Fig. 1) tbe annular ring of corals within tbe 3 fnthom line is 
of nearly iinifunn width, except that on the northern edge the lielt is 
slightly narrower. On the shelf of the atull, both scawani and on tbe 
logoou side, algn, corallines, and Nullipurcs are most abundant On the 
sandy Itottom of the laguon the {latchca of vegetation coimiiited naiuly 
of masses of TbalasNia, (.'nulcqia, Pcnieillus, I{Klimeda,anil Uilotca, while 
on the lagoon ooral shelf are ftxinit ninssen of a s]iccies of Sargaasum, of 
Pailina, Itlodgettta, I^urcncia, Higencn, and several ipecics of incntsting 
NullifMims.* The heada ciiioncd at Inw tide ore also more abundant oo 
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miles off in a southeasterly direction. The entrance is steep to directly 
south of Northwest Cay, while a long sunken spit extends from South 
Cay to the northwest, encroaching upon nearly half the opening to the 
lagoon. Coral heads are scattered all the way across the entrance, in 
six to nine fathoms of water ; they become quite abundant and luxuriant 
as we approach the Northwest Cay, and are continued in shallower water 
on the outer rim of the atoll all the way to the eastern face, seemingly 
6ner and more thriving as they extend to the eastward. 

The same is the case with the heads on the outer face of the southern 
and eastern face of the atoll ; the coral heads increase in size and num- 
ber as they extend towards the eastern extremity, and take their fullest 
development on the comparatively broad shelf stretching to the eastward. 
As far as I could ascertain with the water glass and lead the coral heads 
do not extend beyond eighteen or nineteen fathoms, but owing to the 
steepness of the outer slope of the atoll it was difficult to decide this. 
When we examined the eastern shelf the sea was too rough to enable me 
to detect the presence of heads beyond seventeen fathoms, and at that 
depth they were more distant, and frequently separated by large patches 
of coral sand, while towards the atoll they gradually became more nu- 
merous and more thickly crowded, attaining apparently their maximum 
of development in the belt inside of ten fathoms. 

The poverty of the coral fauna of the interior of the lagoon is very 
striking. As I have stated above, the bottom is nearly level, sloping 
as seen in the longitudinal section (Plate II. Figs. 2, 4) very gradually 
from a depth of three fathoms to five and a half fathoms, when the slope 
increases more rapidly to seven, ten, and then suddenly drops down to 
over a hundred (HO) fathoms. Transverse sections of the atoll show 
well its gradual deepening as we proceed from the inner eastern edge to 
the section across it near the western entrance of the lagoon. The floor 
of the lagoon is of a very uniform depth transversely, as all the sections 
taken from north to south readily show ; but the depth increases as they 
are taken more to the westward (Plate II. Figs. 5-7), with the exception 
of one or two small shallower patches, on which some Gorgonians and 
algaj are growing. On the western face, the coral heads are more devel- 
oped near the two little islets forming the gate posts as it were to the 
lagoon. They form a large broad patch, gradually passing on the one 
hand into the broad ring of scattered coral heads below the 10 fathom 
line on the western face of the atoll, and on the other hand into the 
two narrow belts of scattered coral heads and patches of Gorgonians 
found running along the interior of the lagoon more or less parallel 
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with the BballoirMt part of th« net. Thit belt of headi nralj extend* 

t« a greater depth than one aud a half to two bthonu, and baa a width 
of usually loaH than one hundred yarda, thua leaving the whole interivr 
of tbu lugoon free from coral bead*. Judging from the descriptiona of 
Dana, Darwin, aud others of the growth of coral heads in the interior 
of other lagoons, thuir almeuce in a lagoon as open aa that of Hogatj 
Koef MHiniH to be an ciception. Thie is the more remarkable aa tlie 
pusitioii of this otiill is such that from ita constant expoeura to the 
action of tlu; prevailing trades a groat maaa of fresh sea water is con- 
stantly poured into the lagoon fur more than half ita oircutufcrenco. 
This u)aM of water of course washes constantly the acattered heads par- 
allel to the lino of IvuHt depth, but also throws into the inner lagoon 
water loaded with [xirticlca of sand, which cover its floor and leave bj>- 
pareiitly no chance for the growth of anything except algn and corallines 
iu tlie uiuin basin of the lugoon. It is quite evident, when watching tbe 



huge troile wiml breaker* following one another in rapid Rucct-saion, that 
they muHt lut an ii very i-tlifiunt forco jmmp in driving an immense (gunn- 



Ki'Htwnnl, til 



driving an immense (gunn- 
constnntly rhaiiKing thu water i 
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The action of the water on the bottom of the lagoon is clearly seen in 
all the patches of clear sand by well defined ripple marks, showing the 
unstable condition of the sand even at depths of six to seven fathoms. 

Owing to the steepness of the edge of the Hogsty bank, the 100 
fathom line represents very closely the width of the growing belt of 
corals. Tlie approximate centre of the inner line of breakers is within 
one hundred yards of the inner 3 fathom line. I was informed by 
our pilot that both Northwest and Soutli Cays had increased in size, 
the former in length on the northerly face, the latter on both its east 
and west faces. Northwest Cay is mainly built up of the broken frag- 
ments of corals thrown up on its northern faces derived from coral 
heads to the eastward and westward of the cay, and South Cay from 
the heads growing either on the spit to the northwest or to the east- 
ward on the southern face of the atoll. The cays are nearly flat, with 
steep shores about fifteen feet high, their surfaces covered with frag- 
ments of broken shells and corals, and with here and there small patches 
of vegetation consisting mainly of the different plants so characteristic of 
the shore line of the Bahama Islands. On parts of the shores of the 
cays the recent coral rock forming the underlying base of the islets can 
be seen sloping seawards. The cays at the time of our visit were occu- 
pied by a rookery of boobies. 

One cannot fail to be struck with the fact that on Ilogsty Reef the 
most luxurious growth of corals is from a depth of five or six fathoms 
to ten or twelve, and that below that point, while still flourishing, the 
heads are not clustered as closely together as in shallower water, while 
the heads similarly diminish rapidly in number as they reach the line of 
breakers. Contrary to the observations of Bourne * and Hickson, who 
lay great stress on the growth of corals inside of the lau:oona of the atolls 
they have examined, in our atoll their growth is practically limited to a 
verv narrow belt close to the line of breakers, of not more than one 
hundred to one hundred and fifty yards from the principal line of the 
corals awash. The slope from the ring of the atoll to about ten or fifteen 
fathoms is quite moderate, while beyond that it drops very fast. It is 
on that edge, as has been observed by others, and as is s[)eciallj' marked 

> Bourne states (Proc. Royal Society, March 22, 1888, p. 440) that corals thrive 
remarkably and most vigorously in that part of the DieuM) (iarria Atoll which is 
roost remote from the influence of currents, and he attributes to corals a greater 
capacity as vegetable feeders than has been supposed. Hut no dei'ayed vegetable 
masses derived from the shores of the lagoon are found in either of the atolls I 
hare examintMl. Alacran or Hogsty. In these atolls there is nothing else for the 
corals to feed upon except what is brought by the currents of the sea. 
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everywhere in the Ueluuau, that the oond hewla flouruh beat. The ring 
of conU headi in generally from one hundred and fifty to four hundred 
yarda wide, except at the eaatero faoe, where the width of the reef is 
nearly a mile and a quarter. 

There is of oourae nothing to show that the subotmoture of Hc^aty 
Reef differs in any way from that of the other banks of the P'bi'mM. 
It i» fair to assume that, like them, it was built up of nolian rocks which 
have gradually been worn away by the action of the sea, so tbst between 
erosion and subsidence nothing hss been left to indicate the existence of 
the furmer Hugaty land beyond the grosrth of corals which now flourishes 
upon tlie underlying wulian strata, and which they oompletoly oover. 

That the corals grow in a more or lees circular belt 1 have attempted 
to explain by the action of the breakers pounding upon the surface of the 
bank, thus furming a gigantic pot-hole. Finally the water breaks through 
this pot-bule on its Ice side, form* an opening, and changes it into a 
laguun. This eiplunatiun of the formation of Hogaty Kwf had occurred 
to me before I had seen the so called Serpulie Reefs of the Benoudas, of 
the structure and mode of formation of which I gave a short aoooant in 
the June number of the American Journal of Science for 1694. I shall 
in my report on the Uermudas further consider this subject. 



THB COAST OF CUBA. 

TUitm 1.. XllL, XIV.. XU. Is XI.T1I. 

We were fortunate enough, both in going to Santiago de Cuba and in 
leaving it for Hogaty Koef, to run along the south shore of Cuba, to and 
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elevated terraces, though originally applied only to the elevated coral 
reef forming the first terrace. These terraces are striking features on 
certain reaches of the coast, and are so noted in the descriptions of the 
coast pilots that they often serve to distinguish special points. 

During my trip along the north coast of Cuba I became satis6ed that 
I had misinterpreted the nature of the elevated terraced limestones of 
the shores of the island. With other naturalists, I had been led to 
think from a first examination, made many years ago, that these elevated 
limestones were coral reef rock limestones representing coral reefs of per- 
haps twelve to fifteen hundred feet in thickness. The true character of 
the coral reef rock, which has in general been elevated to a height of not 
more than twenty-five or thirty feet, is readily made out. The exposed 
surface of the platform of the first terrace is often one mass of coral heads, 
and it requires but little effort to reconstruct this into a recent living 
reef. "When we come, however, to the flats of the second and third ter- 
races, the problem is not so simple. It is evident that the limestones 
are of older age than those of the raised coral reefs flanking the shores. 
They underlie the elevated reefs, and, while greatly altered, yet contain 
an occasional mass of coral belonging to the reef-building species, hut so 
few in number that we can hardly call the stone of which they form a part 
a coral reef limestone. These questions were brought to mind vividly at 
Santiago, while exploring the limestone terraces; also at Saboney, at 
Baracoa, where the thickness of the elevated reef is not more than thirty- 
five feet, at Banes, at Matanzas, and at Havana. It became important 
to determine exactly the age of the limestones forming the second, third, 
and higher terraces, and to ascertiiin how fur the presence in older lime- 
stones of an occasional mass of a species of reef-building coral, at different 
heights all the way up to two hundred and fifty or even to over four hun- 
dred feet from the level of the first terrace, justified the conclusion that 
these deposits of older limestones belong to the group of coral reef lime- 
stones. Such an inference from the presence of a few corals in the older 
limestones seems to me no more reasonable than to speak of a few iso- 
l.ited hejuis of reef-building species found along the shore lines of any 
i:oast or island as constituting a recent coral reef. 

My observations are here given as noted durinc: the cruise of the 
** Wild Duck." Not having myself the time to make the necessary ex- 
plorations, I gladly accepted the proposition of Professor Robert T. Hill, 
of the United States Geological Survey, to carry on this exploration, and 
to determine the character of the elevated terraced limestones, and their 
relation to the overlaying elevated coral reef, as well as the greatest alti- 



110 BCLLin'tX: HL'SEUJl OP COMPARATITK ZOOLOOT. 

tude to whick true coriU Tve( rocks oould be trnoed. Hit lEcport wit) 
be priutuil iu tUe UuHvuin BuIletiD, aiid I sliall refor to thia japer Tor 
■ucU illiutntiuu us will aupplement tbe olHervmtiuns uf I'rofewor Hill.' 

Cape Hayai to Banti&go de Cuba. 

pum i.( rtat* xtv. ric- si fi>m xltil 

From tlto wctitwnrd uf Ca]>u Majni to Cklvts Puiiit tbere ore four very 
distinct turruuL-H, itiid iuj;un of a liftb, tlic siinitnit of tho bill forming 
CslutH I'oiiit Ix-'iiif! |>ri>lBibIy ncnrty twelve buiidrcl feet in hci);lit The 
accoiii|Hu lying Hict'tcli will give better than any de>icri|>tiiin of mine an 
ideit uf tliu ujijiciirauco of tbe shoro m seen from tbo yacbt's deck. Aa 
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existence of the others cannot be detected. The faces of the terraces 
show the exposed limestone to be greatly honeycombed. It is often 
columnar in appearance, and large caverns and cavities of all sizes open 
into the exposed vertical faces of the terraces. Some of the ravines run- 
ning westward from the shore line expose, in their section of the shore 
hills, high cliffs of limestone similar in structure to those of the terraces. 
This is particularly well shown in two of the ravines beyond Caleta 
Point. Some of the hills near the shore, which as seen from the ship 
seemed to be limestone, must have reached an elevation of at least 
eleven or twelve hundred feet. To the west of Jauco River the hills in 
the rear rise to at least sixteen or perhaps eighteen hundred feet, but no 
shore limestone hills could be detected of a probable height greater than 
one thousand to twelve hundred feet, judging from the exposures visible 
in the ravines. 

Near Imia Bay another great ravine has cut through the coast range 
limestone hills. The second terrace is obliterated by the talus of the 
third terrace, and the hill behind this rises to about the height of the 
fourth terrace. This part of the coast must have jutted out somewhat, 
and that portion of the shore which formerly formed the first and second 
terraces has been washed into the sea, and left only the steep cl ill's form- 
ing the base of the third terrace, which was further inland. 

Between Sabana la Mar and Baitiqueri there are traces of the second 
terrace, the third terrace is specially well marked, and indications perhaps 
of the fourtli are visible near the summit of the shore hill. 

To the eastward of Port Escondido the shore hills show the lines of at 
least four of the terraces. But the breaks in continuitv of the terraces 
due to the elevation of the coast are, as I have stated, very numerous, and 
by far the greater mass of the shore limestone hills must have been 
carried into the sea. Formerly their characteristic terraces undoubtedly 
extended at intervals, if not continuously, all along the southern shore, 
and probably were as well marked as we have seen them to the eastward 
near Caleta Point. 

When we come to the entrance of the harbor of Ouantanamo, the 
shore hills show still more (ilainly the effects of the great erosion which 
has taken place all along the soutliern coast. Wo find this erosion to 
be greater in proportion as we go northwestward from Cape Maysi. 
To the westward of the harbor of Ouantanamo we have frairments of 
the first and second terraces. To tlie east of tlie harbor the shore is 
flanke<l by low more or less conical hills, which from their sha()e com- 
pletely conceal the terraces of which they are only the remnants. 
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From GuanUnuDO the ihore hills tm not temcod, uid to the €Ut- 
mrd of Ilatibonico the Grat ihora temce again beconiea prouinent. 
From the pier to the woatward of Slorillo Chico the abote limestone bills 
an agaiD «ccd. They rise then to sii hundnd or eight huodnd feet 
perhaps, and behind and above them are aoen the dioritto mountains 
upon the flanks of which the abon limestone ranges have been depos- 
ited and have been raised during the periods of elevation. Near Baiti- 
queri liiver an isolated shon limeatone hill shows plainly four terraeei. 

Uuontanamo (I'late XIV. Fig. 5), like Santiago do Cuba and Port 
Esoondido, is a flask-shaped harbor which has been formed bj erosion 
in the limoatone during the elevation of the belt which flanks tlio whole 
of the southern shore of Cuba from Cape Maysi to Cape Cnii. The 
•sine furmatiou is said to extend to Cape San Antonio from Cape Crui. 
Its limits on the south shore sre not known to me, but I have followed 
it from Capo Maysi to Cope San Antonio on (ho north shora The har- 
bors of the north shore from Itaraooa to Bahia Honda, like Livisa, 
Banes (Hate XIV. y,g. G). l-adn (Ilate XIV. Fig. T), Nuevitas, Matan- 
taa, Havana, and others of a similar character, have all been formed 
hj the erusion of their drainage area aoross the shon limestone bills 
during tbo rising of the shon line. 

Bantiaco to 8«boD«r> 

During a trip we made to the Juragtia iron mines I was able to 
aiamine mnri in detail a oonsiderable stretch of the shore limestone 
hills and of the ele*ate«l reef. The narrow gajto railroad which runs 
from the dock of the comjiauj in tbo harbor of Santiago de Cuba risea 
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Aooording to Mr. Dall, who has been kind enough to examine these 
foesilsy they '' are of old Miocene age, the same as the age of Bowden 
ia Jamaica and those of the Isthmus of Panama. They are also repre- 
sented in Florida by what has been called the Chipola epoch, to which 
the beds of Ballast Point, Tampa Bay, belong. Some of them appear 
identical with fossils from the Chipola River, Florida. Fossils of the 
wtLxne age were obtained on the Cuban coast by Professor E. T. Hill and 
Dr. J. W. Spencer at various points." 

After passing the summit and descending to a point a hundred 
and sixty feet above the level of the sea, we came upon a cut in the 
toady where we found hard limestone and a small isolated head of a 
fine Astnea, but no coral rock. From there down, the rock is hard 
limestone greatly honeycombed, as are all the faces of the terraces 
along the coast parallel to which the railroad runs. The first terrace, 
upon which the railroad runs, is about twenty feet above the level of 
the sea. It is nowhere more than three hundred feet wide, and forms an 
ideal railroad bed. At Saboney the road enters into a gap of the shore 
bills and soon passes out of the region of the limestone shore hills to 
meet the dtoritic rocks which compose the second range of mountains. 
At the gap of Saboney, and thence to the westward, the second and third 
terraces are very prominent. The second terrace is about fifty feet above 
the first, and the third not more than sixty feet above that The third 
terrace is often obliterated by erosion. The first terrace in spots has 
been carried away by the sea, and cliffs have l)een formed which reach 
the height of the second or even of the third terrace. 

We were indebted to the courtesy of Mr. Shuman, the agent of the 
Juragua mines, for an excellent opportunity to examine a part of this ele- 
vated coral reef, forming the surface of the first terrace at Saboney, — 
the old surface of the shore reef. We made good collections of speci- 
mens of Mseandrino), two species of Astrseans, a large Colpophyllia, and 
a fine Allopora, all belonging to species now found living.* The corals 
were clustered very closely, much as they would now be found growing 
on a living coral reef, and quite as thickly packed. 

The examination of the terraces along the line of the Juragtia Railroad 
shows plainly that the vertical distance between the second and third 

> The •pecies of corals characteristic of the elerated reef (the " sobomco *') be- 
long to the following genera : Colpophyllia. Orbicella, Pontes, Meandrina, Agaricia, 
Faria, Stephanoconiia, Manicina, Madrepora, I^ophyllia, and Siderastrea ; whererer 
thai far collected in the Caribbean, they nil belong to recent species of reef buildera 
characteristic of the West Indian fauna. 
VOL. zxvi. — vo. 1. 8 
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tarraces, not being more than 6ftj to aixtj feet, ia not of graatcr heitftn 
tbkii tbo depth at which oorolB would readily grow up from a new Uue. 
The flat surface which foroiB the upper jtart uf the elevated reef, the lirat 
teiTHce, in covered with itevoral apecies uf oomla apparently killed •'» n(H 
by the grsdiial elevation of the Uiae upon which they wcro gniwinft, and 
of which tbuy formed the living top at the time tbe elevation began. 
The lower portion! of the reef have grown up at gnater depths, and, 
a* they died or were covenMl by more nourishing or by growing corals, 
have furnicd the base up«)n which the newer crop built their way little 
by little to the surface- The terraces as we see them form a scries of 
atejM, each of considunible width, ao that the fifth terrace, for instance, 
ini>;ht be fully twelve tu fifteen hundred feet horiKoiitally ren)ove<l fntm 
the shora lino. Of course the first termco may have been much wider 
than where 1 ineaiinred it, and much of its wa fnce may have been worn 
away. Still, aM the depth off tbo south nhora of C'ulw is very i;reat, and 
tbe limit of coral reef builtlera is at almost every piiiiit of the ci>aat 
reachml within a com|)arativuly short distance, it is not prolNible that 
the width uf the lint terrace was very conaitlcntble. The cxnntinatiiin 
which 1 made does not settle the ((uestiun that each of the terraces cor- 
reapiiiids tu a separate growth of corals laterally; it neither proves or 
disproves the fonnor continuity of the coral roof, nur its divixion through 
the agency of the waves into [wrlia|ia one or mora distinct terraces. I 
can iiidy say tlwt the character of the rock ei|K«e«l on the farcn of the 
second and tliinl terraces ahoweil quite plainly that (hey rmiHisled of 
older -^Niku with very innrkeil diir<*n'nce«, — differences whiib w.inid in- 
dicnle n urcittiT nKf in the face of the second terrace than in the finil, 
ami n Mill Ki^ntpr nui' in thi' thini, hnt not necc^Narily, an tli 
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tbe former extension of the veneer of coral reef which covered the shore 
of Caba during the time of elevation of each terrace ; that is, there 
probably existed at the time when the older terraces were formed a 
fringing reef, much like the present elevated fringing reef forming the 
fiitt terrace, each reef corresponding to its terrace and forming on the 
sea face of the older underlying limestones a veneer of about the thick- 
nesa of the present '' soboruco " reef, say twenty-five to thirty feet. The 
patches or isolated heads upon the faces of the older limestones are prob- 
ably the remnant of these successive reefs, the one upon the first terrace 
being the youngest The existence of these scattered patches has led 
many observers to assume that the elevated limestones are of the same 
age as the elevated reef (the first terrace). 

The sheet of coral, which may have extended to a height of nearly five 
hundred feet along some parts of the Cuban shore, has been eroded and 
swept away by the same agencies which have formed the peculiariy 
shaped limestone hills of the shore line. This erosion has been very 
extensive ; with the exception of the first terrace, where the coral reef 
is nearly continuous, it has left only an occasional patch of coral reef or 
an isolated head here and there, at varying altitudes, to testify to the 
former existence of the coral reef sheet, the higher inland parts of Uie 
reef having all been eroded from the sides of the underlying older ter- 
tiary rocks. Yet it is strange that no patch of recent reef rock of any 
extent should have been met with thus far, unless we except the ele- 
vated reef of Matanzas, where, according to Professor Hill, it reaches 
a height at least of a hundred feet. 

A similar coral sheet, resting upon oceanic beds and the so called Scot- 
land beds, has been carefully described by Harrison and Jukes- Browne ^ 
as extending at the Barbados from the sea level to nearly eleven hun- 
dred feet. This sheet consists of a series of ^'platforms built up one 
around the other as the island slowly rose from the sea,** and this I im- 
agine to have been the case with the successive elevated reefs of the 
Cuban coast. The erosion at the Barbados seems to have been much 
less than along the Cuban coast, leaving the bases of the successive plat- 
forms of coral reef continuous. According to Browne and Harrison,* 
there are six distinct terraces between the sea level and a height of five 
hundred feet, and between that height and one thousand feet they indi- 

^ The Oeologj of Bftrbados, bj J. B. ITftrrison and A. J Jukes-Browne. Pab 
lished bj Authoritj of the Rftrbadian Legislature, 1890. 

* The Geology of Barbados, by A. J. Jukes-Browne and J B. Harrison. Quart 
Jouro. Geol. Soc, XLVH. 197. 
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wtc at leut five additional terrecca. They saj that there arc not many 
placet) wlicro tho thickness of the vorul rock is greater ibna two buudntl 
feet. lu sume places it appears to reach two hundred and tliirty feet, and 
ill one place two hundred and aiity feet. 

tiijppy * dexcrilxis the elevated recre of the Solomon lalanda, where 
eitcnsivo di-gnidatiini of the surface Laa also taken place, as heing of 
ver)' iiiuilorHUi tliickuesM. Tliis agrees with the Btmcturu and thickness 
of the elevated reefs uf IturbadoK uiid of Cuba, as I imagine them to have 

Prufessiir Dana says: "The alull of the Tortugas, aiul others in the 
Weat Indies, ore regarded by Mr. Agassiz as having a basement up to 
the coral growing limit uf [wlagic liinestuno or of sumo nlher inati-rial. 
It may be ao ; hut there ui as yut iw proof of it." ' Kiirely the eiti-n- 
eion tif the miocene rocks <if the {leiiiiiHula of Florida south under the 
district uf the belt where ci>ral reefs are funnd may fairly Iw asanuied. 
Tlw existence of the imxleni litH<.-st<>tie of the P<>urtid<-H I'lntcau boa been 
|irovc-tl by dredging to run close to the scawanl limit <if the curnl reefs. 
The Ahicnin atoll, as well us all the cnral reefs of the Ynmtiin I'latean, 
are underlain by a marine kaseinent (not com|ioscd of contls), into the 
exIciiMiiin of which one can jicnctrate nearly three hnndre^l feet in depth. 
And, tinatly, the recent exphirations of I'rufcssor Hill and myself along 
tlie northern oiasI of Cnln have proved lieyoiHl doubt the existence of a 
niioci'iie Imsi'meiit underlying the elevalol corul reefs. 

While not denying that auhsidi-nce is necessary to account in many 
ciuH>H for the funnaliun of deep lagtHms and <leep chninielis it must be 
h-n !•' i-thers to pnive that these dcpntisiKna and chnnui-ls have l>cen cut 
thr<iiii.di the thirkness of the coral ni-fs, and not threugh thnt of the 
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of the shore line to the west may also have acted there to a less extent, 
but perhaps quite enough to have obliterated the lines of some of the 
terraces intermediate between those which at Caleta Point have been 
designated as one to five. From the Juragua mines one gets an excel- 
lent distant view of the shore limestone hills stretching to the west and 
east, and well separated from the inner range which forms a part of 
the mass of Gn\n Piedra. At Saboney, and at several places on the 
way from Santiago along the outside of the line of the railroad, small 
boat harbors have been formed on a diminutive scale by erosion, very 
similar to the larger ones so characteristic of the Cuban coast, and 
of which Guantanamo (Plate XIV. Fig. 5) and Santiago are the two 
finest examples on the soutliern coast. Many bights on the coast have 
been produced in a similar way. Neither at Santiago nor at Guan- 
tanamo do we find any trace of terraces along tlie sides of the eroded 
limestone hills which siuTound these harbors. They have been obliter- 
ated by the wash along their sides into the drainage basin fringing the 
bays. On our way east from Santiago we so timed our start as to see by 
daylight that part of the coast near Santiago whicli wo had passed after 
dark. To the westward of the entrance of Santiago tlie terraces are most 
indistinct, tlie third terrace being alone fairly defined, while to the east- 
ward a fine line of terraces can be scl'u from the sea. AVe were able to 
get a distant view of the second and third terraces running along the 
hill slopes above the first terrace, forming the road-bed of the railroad 
leading from Santiago to Saboney. Through the gap [it Saboney we 
could see the line of the Juragua mines un the foothills of the Gran 
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Piedra. To the eastward of the Saboney Gap, before reaching the pier 
of the Spanish American Mining Company, one of the foothills shows 
four terraces quite plainly, the same number which on our way to 
Santiago we had seen on the isolated hill near Baitiqueri River. 
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Baracoa to Banes. 

PU(« L; Plate XTV. Fig*. 3, 0; Plate XLI. 

We recoDHoitred tbe north shore of Cuba from Baracoa to Havana, 
reaching the former place from Rugged Island. Baracoa is a fimall har- 
bor, eroded out of the iirst t^nuce in a gap of the shore bills caused 
by the drainage of the country behind it (Plate XIV. Fig. 3). The en- 
traoca is narrow, flanked on cither side by well worn and honeycombed 
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reef rocks. To the south of the entrance the platform of the 6rBt ter- 
race extends for nearly a mile, and upon the inner edge, at the foot of 
the clifTs of the second terrace, aroimd Miel Bay, the town of Baracoa 
is aitiinted. The second and third terraces can be seen plainly, and the 
small fort which commands the harbor is built upon the second terrace. 
Traces of the third terrace can also be seen on the hill to the north of 
the entrance to the harbor. A river is banked off from the bay by a 
beach thrown up by surf, so that it does not empty directly into the bay, 
bnt runs parallel with the shore for the greater part of its circumference, 
emptying finally into the southeast corner of the port, where it is pro- 
tected from the swell of the sea. 

The 6rat terrace of the elevated reef of Baracoa presented the same 
features which had so greatly interested us when examining the reef at 
Saboney. Wo found huge masses of Astncans, of Mscandrinic, of Mad- 
repores, of Allopora, apparently all in place as they grew, and likewise 
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we foand id the section of the terrace on the harbor side the same species 
of corals composing the bulk of the reef rock. On going up to the flat 
of the second terrace, we found isolated masses of corals and shells, 
which evidently form a considerable part of the limestone of the cliff 
extending from the first to the second terrace. To the south of the fort 
one can reach the base of the cliffs of the third terrace, in which we found 
again isolated corals of species characterizing the limestone of the sec- 
ond ternice. On the second terrace we found considerable red earth. 
The whole thickness of the first terrace of the elevated reef at Baracoa, 
of not more than thirty-five to forty feet, wherever there was a section 
showing its character, proved to be one mass of heads of corals closely 
packed together, — huge masses of Astrajans, of Allopora, of Mumndrinse, 
etc., all cemented together just as they must have grown on the surface 
of the reef when it was living. 

Not more than five miles from us in a straight line rose Yunque, an ele- 
vated mass of limestone underlaid, according to Professor 0. W. Crosby, 
by older metamorphic rocks, and stated by him to be one continuous 
mass of solid reef rock,' the upper part perhaps being of a greater age 
than the lower limestone clifTs. Unfortunately the condition of the roads 
was such as to make it impossible fur us to reach the mountain, which I 
was most anxious to visit In order to ascertain whether in this great 
mass of limestone any trace of the successive teiTaces of the coast reefs 
could be found. Judging from what could l>e seen of the base of the 
mountiiin from the sea, the talus at its foot, built up of the disintegrated 
limestone which for years has been falling from the upper layers, must 
make it wellnigh impossible to ascertain the thickness. of the successive 
terraces which coni[K)se the Yunque. Still more difficult would it be to 
detennine their number, and whether thev were caused bv the erosive 
action of tj^e sea or were built out successively seaward during the dif- 
ferent periods of elevation which must have followed one another with 
(geologically) considerable rapidity in order to bring about such a suc- 
cession of terraces as can still be recognized to the south of Baracoa. 
The apparent columnar structure of the flanks of Yunque, especially as 
they appn>ach the summit, due to the breakin;^ away of huge massep of 
limestone, gives no great hope that we shall ever be able to make out 
the history and succession of the terraces of which this mass of limestone 
is the monument (Plate XLl.). 

Passing to the westward, the ranges of shore hills show markedly the 

1 Profe^por Hill in liis nport to me distinctly states that the Yunque limestone 
is not a coral reef limestone. 
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effect or the eitenBive enwioii to vbicli they hmve been aubjccted. Tho 
terncea become iudJutinct after wo jmu the tirst point beyond UarmMi*. 
The vegetAtiuu i> very ilcnso, and uolliiiig can bo hoq from the sea 
iiidicntiiig the succeeeive lines of former elevation. But tbe shape of 
the bilU — woni into aactd lea, into pcaka, intu tnolated cones, fonnin); 
indiiitiuct niu)^i) muro or lew [wrollol to the coaitt — sufficiently shows 
how great hiu been the effect of the erosion on the linicatoitc hills. lie- 
tween Uaracoa and Mauglo I'oint the whole country is broken up into 
(liocuiiiiected bits of hills, those nearest the shore being from aii hundrotl 
to nine hun<)reil foet high. A careful stii<ly of the crosa breaks of the 
shoro hills might reveal some limestone faces, and throw light on the 
age and Huccewiun of the limestone belt wliit-h covers so groat a part of 
the coust of Culia fmui liaracoa to Cape San Antonio. Here and there 
along the const we may recognize — aa, for instance, near the Saddle of 
Bay, in tho runge of liill« ncarusl the shoro — tlio second and third ter- 
races. To the west of the Sierra de Moa, near (.'ayo Grando dc Mom, 
beginii a Heries of saddles and peuka ciilniinating in tho Cuchillas del 




Pinal, which nei'm, an soon from the son, a ■cries of gigantic ant-heaps 
and diM-(>HiiM-ti.-<l Muldle-liku ridgi.it, Hhnwiug thi' groat effitt uf erosinii in 
thin diHlni't. Wo coiihl ■u.-e the i'DhIciI slmro hills flanking the Kivrra de 
Crintal, and the low Hlioro eitcnding tnNt tho jiurts of I'ttlHuiico, Livisa, 
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Banes to Padre. 

Plate I.; Plato XIY. FIffs. 6 and 7. 

Od each side of tho eDtrance to Banes the second terrace could he 
wen, towards Mulas Point the third can be indistinctly followed for a 
considerable stretch, and towards the Sania hills there appear to be 
four, if not five terraces. The winding canon forming the entrance to 
Banes is a fine example of the passages, more or less tortuous, leading 
into the flask-shaped harbors so characteristic of the Cuban coast, — 
harbors due to the gradual cutting away of the drainage area of which 
they are the sinks during the elevation of the coast. From the 
wharf of the banana plantation of the Messrs. Dubois we went inland 
to the village, to a height of fifty-6ve meters above the level of the 
aea and a distance of six kilometers, passing through a region of lime- 
stone similar in structure to that of the rocks through which the 
cafion forming the entrance of Banes had been cut. We drove up 
to the summit of a hill about eighty-eight meters higher than the vil- 
lage, say one hundred and forty-three meters above the level of the 
aea. The top of this hill was probably a part of the fourth terrace. 
We found on its highest ridge, forming a nearly level saddle, a species of 
Astnea in situ. The rock in place here, and lower along the slope of the 
hill, is everywhere the same limestone, greatly disintegrated, so that the 
lines of the terraces are nearly everywhere obliterated. 

Having become acquainted with the entrance to Banes (Plate XIV. 
Fig. 6), we had, on leaving the port, an excellent opportunity to see the 



* ' 




OUTLET OP PORT RAlfRB. 



caiion through which we passed out, and to note the deep cuts, from 
seventy-five to one hundred feet in height, forming the nearly ver- 
tical sides of the main channel. The channel carries from four to six 
fathoms, is long enough and tortuous enough to make a perfectly land- 
locked harbor, which opens out after a little over a mile into a broad 
hay with deep water, from five to six fathoms, close to the shore. The 
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■bores of the bay arc low, oonautiiig nuinly of deoompoaed Uniestoao uid 
of red oartli, niakiug au ezceediugty fertile toil UarboTS like Nipe, 
BaiMNi, I'lidre, uiil tlio like, whicii an w> ouioiuoa ou the ourtb ooMt it( 
Cuba, won) of littia uiw bofore tbo days of iitaaiaeni. lliair CDttmuoea, 
facing tbo full force of (he prerailing tradea, mako it nearly impowiblu 
fur a Httiliug cnift to wuathur the ahunw and get an offing. It wu aimple 
onougb to sail iii, to tack out against the trades wss quite another 
niatu-r. 

Aflur pasaing Point Luoreoia four terraces can be distinguisbed be- 
tween it and Point Mumu, but owing to tho exteasive denudation and 
ervaion of the district only isolated parta of the sororal terraces are 
left, and it is often ditticult to dctomtine to which terrace they 1>e)<mg. 
Port Suiita is au indunUition formed by a break in the shore hills. To 
the westward of tlio port a long ridge eitcnds, at the eitreniity ut 
which the four tcrrucus composing it stand out vcrj- clearly ; and hero 
we have an exci'Uunt guide for the dctcnuinntiun of tbu terrace to which 
the isuluted suddh's of tho country IkiIIi cast and went iNilung. Wo (hen 
come ujiou a stretch of shore eastward of N'aranju crowded with isolated 



'aaildlp* ami poak«. uivinK a pcciduw aspect to that port of the coast. 
All till- wiiv t<i (iiliiirii tlic Nhiire hilU aro enxliil into the most fantiis- 




AGASSIZ: BAHAMAS. 123 

Padre to Nuevitas. 

PUte I.; Plate XIU. Tig, 1 ; Plate XIV. Tig. 7. 

The entrauco to Padre is very wide, fully a third of a mile. It is 
straight, and has all the appearance of being the mouth of a great river. 
After about two miles it opens into a Y-shaped channel formed by isl- 
ands lying opposite its western end, and then spreads into a bay (Plate 
XIV. Fig. 7). The shores behind the beaches are low, and wherever 
there are any rock exposures the same reef rock is found which occurs 
all along the coast, and the same limestone half-way up the low hills 
to the westward of the town. There is a great deal of red earth, and 
the soil is very rich. 

The shores on l)oth sides of the channel are Hanked with low mangrove 
islands. We find here the beginning of the extensive system of cays 
which runs uninterruptedly from Nuevitas to Cardenas ; but to the 
south of Nuevitas the channel which separates the cays from the main- 
land is not as yet cut through the space separating consecutive harbors 
to the north of Padre. With little more erosion the condition of things 
existing to the north of Nuevitas would be extended as far as Padre. 
To the westward of Padre are a number of low mangrove islands within 
the reef which extends from the western side of the entrance. South 
of Padre an extensive reef with coral heads awash extends from Herra- 
dura Point to the entrance of the harbor. The shore line of the first 
terrace is now frotjuently oblitenxted by the san<l formed from the debris 
of the reef outside and constantly thrown against the shores by the pre- 
vailing winds. The remnants of the second an<l third terraces form the 
hills west of Manati, which may be about two hundred feet in height, 
and are the only high land in this vicinity. 

The Cays from Nuevitas to Cardenas. 

Plate I.; Plate XIII. Flp:». 1 to .%; Plate XIV. ¥lgn, 1, 2. 

The entrance to Nuevitas is very similar to that of Padro. A coral 
reef has formed a prominent spit to the south of tlie entnmeo, enclosing 
a shallow lagoon open to the north. Such eloni^atcd patches or spits, 
like the reef at Pa«lre, are foun<l all tlie way from Mande Point, and 
north of Nuevitas tliev form a nearlv continuous livinir reef to the west- 
ward outside of the cays, with here and there a break or passage for boats 



124 BULLETIX: HUSEUH OF COHPARinVE ZOOLOGT. 

Mill aliollow draft veBaeU. Aft«r pusmg Nuevitu tlie cliuUn of gulf- 
weed beuauio Diuro Kud moro nuiueroui. 

The loug, luw cu^s which ciU'ud woHtward beyond Iblntcniilloa Point 
aro Hc'inu-atcd from the ahure by a tlialluw laguun, fonuiug « continuoun 
IwiUMgu for umall buaU botwucn them and the maiulaud all tke way to 
CardciioiL Tlie higliuat poiut on auy uf tbo caya ia uu Cay Itomanu, the 
hilla <ju the uurthcni eitreniity of which are marked on (he charts nti 
being uliuiit two liitiidml nitd thirty feet high. Tlic moriulony of thin 
low iihuru along wliich we skirted after jKuuing Maleniillus Light was 
relieved by the hilU uf Cay (Jui^u)>u, ninety feet in licitj^hl perhK[i«. 

While we cuiilil nmke out the reef rovk uf the imiueilintu shure line "f 
Cay Saliinat, Cay Uuiijatiu, and Cay Kunioiio, we coiihl also nee how fo^-nt 
a |>art of the beacheit cuncealiii){ it waa niado up uf sund funned fnnii the 
decuin{xMiitiou liuth of the aolKiruco and the frnKineiita of the outlying 
living coral reef. Alti-r {Muaitig Itooa (iuajulm, the [ihitoau to the eaol- 
waid ufCay Ituinaiiu wiileiiH greatly, and u|Min ilit ciuttTn edge arc Cay 
Verde, Cuy CuiifitcH, Cuy Crux, Caiman and Aiitmi (\vm, ami I*arcd(>n 
Urande, which must nndoubtctlly once have fonncd a [mrt t,( Cay Itn- 
niano, hut have Ik-cm Ht-jmrati'd from it by the eilciiHive cruiiton whi»'h 
hits taken [iloce all nlmig this coast, Oiiil which liax nwept awny l«tWii'u 
Nuevitan and CanleiiaH nearly all traces of the Hcomd ami thin) tfrmceN, 
anil )H-rha[>M nthem, ami in the majority of the ca.VH Imih reiluccd tbf area 
ouco uccnjiieil by thcni even below the IutcI of the lirst terrace. 



Car CoDfltes. 

IIMv I.; nala Xltl. FIc. t; l>UU* XIT. ria. t. 
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beaches were thrown up some of the largest specimens of Madrepora 
palmata I have seen. Tlie branches were from twenty to twenty-eight 
inches wide, fully eighteen inches thick, and some of the pieces >vere as 
long as eight feet, and many were over six.^ 

Cay Confites is just on the edge of the bank (Plate XIV. Fig. 2). The 
northern end of its slope off the cay is steep, leaving no space for an 
extended reef. The cay is situated at the narrowest part of the Old 
Bahama Channel, where the trade wind drives into a deep funnel all 
that comes floating along the equatorial drift from the northern shores 
of the larger West India Islands and from the Virgin and Windward 
Islands, so that, besides the blocks of recent corals thrown up by heavy 
surf on the surface of the cay, there are found logs and twigs of all sizes 
and of many species of wooil, beans, calabashes, sugar-cane, bamboo, and 
cocoanuts. With a fertile soil many of the waifs thus thrown upon this 
island would soon get a foothold, and it would be interesting to make a 
list of the species of plants which are thus carried by the trades and the 
currents far from their origin. On the poor soil so characteristic of all 
reef rock land we found growing mainly such plants as are character- 
istic of the immediate shore line in the Bahamas and other West India 
Islands. The Pupa so common on the Bahamas was also found on Cay 
Confites. 

Cay Lobos. 

Plate I. 

Cay Lobos, on the opposite side of the old Bahama Channel, is a recent 
coral island, at least the exposed surfi\ce was entirely made up of frag- 
ments of recent corals which conceal the foundation leolian rock upon 
which the lighthouse has been built. 

Paredon Grande to Cay Prances. 

Plate I.: Plate XIII. Fig. 2. 

The island of Par.'don Grande is composed of low, rocky bluffs, re- 
maining from the disintegration of the second terrace, the sea front of 

* On Enderbury's Islan<l similar larpo Mn<lreporc9 with the mode of prowth of 
M. palmata extend over areas of twelve to fifteen feet in diameter. These vie in 
•ize witli the hiije masses of Porites one meets with on the reef flat near Honolulu. 
Thev are nearly as lartre ns those found in the rock of the inner reef of Tonpatabu, 
stated by Dana lC^^rals and (>)ral Klands, p IKO) to measure twenty-five feet in 
diameter, or as the Astrayans and Ma^andrina^ both tliere and at the Feejees meas- 
uring from twelve to fifteen feet (Ibid., p. 146). 
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which in many filacea i> chnngod into eitonure nnd boubM. Oii the 
raaioland in the diatiuice can bo Been the outlino of Mount (iuuigiu. 
After passing Cuy Vow, which oul; at Coco I'oint rieva aboro (he 
first temuc, wo tutiUsl along a seriea of dinvontieoted patches of reef 
ruck, the remnants of larger cays undoubtedly, like Cay Cuco, Paredon 
Urande, and tlio hke. Along the face of Cay (luillenno are hero and 
there short stretches of low clilfii, parts of tlie first tcrrare, Be|j>irat(.-d 
by low niiindod hills. The low hills of Triguano leliind are now faintly 
Mel) in the bsckf.'Tunnd. The plateau formed by the syBtcra of low 
cays we are (IciktiIiIiik is widest in the region from Cay Venle to f'ny 
Frauces. Thu turracc-s lierv were probably of great width, as the hilb of 




older rocks upon which they flank do not in this part of CoImi come near 
the i-KiiHt tint', w in the case from Santingo to Ciipc Mnyiii, and as fur west 
as (iilmra. 

( >ii thu riivM til thr castwanl of Santa Msria Cay, as fur ax Cny F^ance^ 
the reef riH-k ('lilfi arc sc[ianitcd liy latidy bc»ch(>K, nml the IiHIh an- m> 
ctihIihI (Imt it is iMi|HiHnilile to dctonnino the temuvH of which they om-e 
foniKil a [mrt. I'lvn the oiitt-r vlge of the plateiin, in fnini fonr to t<-ii 
riitlioiiii 'if uiitiT, nri I'lteiiHive m-nrly iinlimken reef riinii fmin Xui'Viius 
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The Fragoso Cays are low, and protected on the face of the inner 
channel by innuinerable small cays. Here and there we find cays with 
a low reef rock bluff or point, but generally they are bordered by sand 
beaches. Passing Tocinero Point, we come to a wide bay, a passage for 
small boats making for the mainland, and soon opened upon the mainland 
an isolated saddle similar to those so frequently seen farther to the east- 
ward, the remnant probal)ly of limestones belonging to the third terrace. 

To the eastward of Vela Cay there is also a wide passage, leading from 
the outside of the cays to the interior channel along the main shore of 
the island. We next come to the Lanzanillo Channel, a similar break 
between the outer cavs. To the westward of this extend Lanzanillo 
Cay, the Jutias Cays, Cay Canete, and Cay Cristo, separated by the 
Boca de Marillaues. All these low cays are eroded parts of the sec- 
ond terrace, with low reef rock blutfs separated here and there by long 
stretches of coral sand beaches derived from the outlying living reefs of 
the edge of the shore plateau. 

Sagrua la Grande. 

Plate I.; Plate XIII. Tig, 4; Plate XIV. Tig. 1. 

We now reach the entrance to Sagua, a wide channel not less than 
eleven miles long, carrying nineteen feet of water, fringed on all sides 
with low mangrove islands. To the northwest of the anchonige opposite 
the town stretches out a wide, shallow bay, the outer cd^'c of which is 
prr)tccted by the continuation of the numerous cavs on the north of the 
entrance to Sagua (Plate XIII. Fi;r. 4 : Plate XIV. Fiu'. 1). In the dis- 
tance behin<l Sa.irua rise tiie Sierra Morenas, and to the eastward the 
Lomas de Sagua la Grande. S:igna is built on ]»iles on the highest 
jMirt of a man^Tove island, which can hardly be called a part of the 
mainland. A causeway of liniest<»ne hrou;^dit from the neij:hboring high- 
lands forms the main street and tin- sidinjrs of the railroad station. To 
the westward of Sa;rua and of Bahia de Cadiz extends an archipelajro of 
low man;/rove cays, reach inir to tlie entrance of (.^ardenas Bay (Plate 
XIII. Fi^'. 4). ('ay Piedras, the nv»st westerly of tlie islands on the 
Nuevitas-Canlenas plateau, shows a ledire of low blutfs of the usual reef 
rock. In the back^^round of the cays the hiuionar range becomes a 
prominent feature of the landscape. The hills approach the shore of 
the inuiidand again, and we soon make out indistinct traces of some of 
the higher terraces in the horizontal lines of the saddle-like hills seen 
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iu tho tliBtuice. To tbe eastward tho Pan Ao Matanzaa nacs abovo the 
borixot), Aiid tho IiillH wliicb Biimmnd it to the eastward aud westward 
nmko [Hirt of the tjhoro lino itsvlf. The Hay of Cardouas is easily en- 
tered, aud we anchored cluao to the town. There is no rock in plitce 
at (.'urdeniui, but tlio rucka brought fur building; puipoavs from the nei(;b- 
borhowd are uliler limestones. All tin.' way coat from Canlenaa tu the 
iniiur nuiitheni extremity of Cay Koniaiio tbera ia an cieclleut water 
way for small Iwata. The iulnnil navigiitioit ia protected the whole way 
by ai) aluiost uubruken lino of cuys. II10 distance tictwecu tlie outer 
cays and the cays furming |mrt of the ininiediato ahoro of (ho mainland 
ia often cuiisiik'mlile, tbou(;li the depth iif water ia not great. Tliia 
wide inland seu-wuy, and also the clmnnels seiuiratin^; the cays on the 
wider ihuuhkl's, like lloca do Cnfivte, Itocn do Marciw, the entrances tn 
Itiicuavista Ituy, I'ardcnas, Sagua, Cayliarii'u, and others, am uuduuhl- 
cdly due to nieehanical ageney. The ruck woHhei) by tho (.Tcater or 
smaller wavea uf tho outer sea i<r of the inner bays ia rcailily ehanfied to 
aaud, and thus t;reut atrctchos of tho low cuya are c<>iiviTlcd into flats, 
and the liner lurticlea wnshe*! awuy, iucruiuiin); little by little the de|>(h 
of tho water upon them ; the curreiita dt-cpcn the ehiimiels lietwecti 
tbe caya, or form the atiU dL-e{ior passages, giving egri'sa to much uf 
tlio disintegrated reef roi-k. 



Cardanaa to MataoEss. 

rtaM I.; riaW XIII. Pl|. 4. 

Tlio [H-iiiti>(iiIa uf Icncus, which funus the wextcm protection of the 
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Matanzas. 

Plates I., XLII., and XLIII. 

As one approaches the entrance of Matanzas harbor the eroded hills 
gradually pass into distinct terraces to the eastward of tlie mouth of the 
bay. The low elevated coral reef forming tlie first terrace comes into ' 
prominence, and next the line of the second can be distinctly traced, 
while on the opposite shore near Sabanilla Point three of the terraces 
are plainly marked. A part of the Vmy of Matanzas and tlie Yumuri 
Valley have undoubtedly been formed by erosion during the elevation of 
the surrounding country. The extent of this erosion is seen on all sides 
of Matanzas, from the terraces of the eastern and western sides of the 
harbor to the gently sloping hills rising to Bellamar, or to the conical 
paps of Camarioca, or to the rolling ft)othills rising to the massive Pan 




PAX I)E MATANZAS. 



de Matanzas, or to the vertical limestone clilFs nearly as high as the Pan 
its».'lf to tlie westward of it. The caves of Uellamarare the finest exam- 
ples of the many caverns found in the limestone district of Cuba. Their 
oj>ening is on a comparatively level plateau from three hundred and fifty 
to four hundred feet above the barl)or ; but to which one of the terraces 
the plateau corresponds it is ditHcult to say. With the exception of the 
terrace (perhaps the second) indicated in the railroad cuttintr as we as- 
cend from the bay, there are no traces of otiier terraces. A few isolated 
corals are foun<l on the level of the entrance to the caves. The fii*st ter- 
race follows the line of the road, which runs round the bav on the east 
side. At all cuts of the first terrace we fincl several species of conds, 
apparently in place in the reef rock. From Montserrat one gets a 
l>eautifid view of the Yumuri Vallev. 1 found no corals an v where in 
the limestone on the wav up, but a trood many shells are emliedded in 
the limestone at an elevation of four hundred to four hundred and fiftv 
feet. The wide valley of Yumuri, with its terraces to the north, is shut 
in by low ranires of bills, which are cut through immediately back of 

VOI. XXVI. — NO. 1. 9 
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MatonEU by ft deep gorge. This gorge must at one time hftve been the 
CDtnuice to a flank-sLajivd harlKir very Himjlar to anoli liarbon ■■ Nipe, 
Padre, and tlie like, vbich ouce opeued tlirough this caDou into the Btty 
of MatftDias, but the bottuni of which has been elevated above the present 
level of ibo bay. 

We hod au eicellcnt opportunity, on t^iiii^ otit nf Matanus on our 
way to llavaoft, to olieervc tlie phiiuly marked firtt and second ter- 
races inside of Sabiuiilla Point, just beyond the pilot station. Iteforo 
reaching Uuiwoh I'uiut the basw uf the second terrace is seen to bo dis- 




tinctly (indemiinetl, the limestone sloping vury gently to the low MnlT 
of the lirst tcrruce. After pniwiiih' Uiiatios Point tli<- w-a ha* cncnmchetl 
upon tl)0 first and second terraces, leaving vertical bluffH which pnibniily 
represent the sinnmit of the thini terrace. The fourth terrace may 1« 
seen indistinctly to the cast of friiaiios Point, at a height of fron) five 
bundreit to sii hundred feet. In the liack{px>und thore arc indications 
of the lillli terraci-. 



Matansa* to Havana. 

n»l» I. and Flail 
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tormcea of tlie ahore line. Tlic heiglit of the liluffs of the Bliore line, or 
of the liilla currt'spoiHliiig to the tliiiU torriicf, is iiboiit three hundred 
and fifty feet. Heen from tho moiitli of Oiniisi River Gap the limeatona 
hillu through nhieh the river has cut its «:iy remind oiif i.f the Hat bills 
apparenth' iiuniming the course of a mvit iu the iiiithraeite region of 
PennsvlvHuia. 

Ill the biickgrotiud, nfter passing wcstwiird of the (,fip, the Jnriico hills 
come into view. They aif gruatly eroiieii uh seen from the sea, and 
present the eharnetcristic iTusion uf tlie vortieal clitlti of the limestone 
hills on the easteni cstri'mily of Cuiia. The sumo seems also t<i !« the 
case with the hilk to the R'^ir of the iS^inla Crni: cut. Inland behind the 




third terrace, where it (.'an be traced near Simla Cniz, the t'eneral level 
of the laud ap|)earM h-iver than the tvrrace in front of it. There seems to 
have been an e.ileiisivc valley, parallel with the coast, fornie<i byerosicn 
to the rear of the shore hills. The range ..f hills extending to tho west- 
ward towards Havana is the entitiiination of the t^ieriiis de Jarnco. It 
seems to trend s..mewhat away fro... the e.«.st. nwl als.> t.. be consider.My 
lower. The .M.nia-iia Papa are markeil on the chart as not more than 
seven hundred and thirty-tw. feet liiirh. In the vicinity of Havana the 
»..eond row of liUls ;s not ..f -reater h.'i-hl than that i,f the tliir.1 ter- 
race. To the wotwanl of the -larueo iiiver enlramr there are largo 
isohited blocks, the remnants of the s.n.onieo after the g.'iieral di.sintc- 
grali.iii of the lii>t terra.-e. Thes«> iiidieale clearly the extent of the 
cn.^ion which has taken place, an.l ulii.h li.as here widened the rc-a.h 
of the slope of the first teira.'e t..wari|s ihc base of the clitfs or of the 
hills f..nniug a part ..f the ser..,i.! frrace. I'rof.ssor Dana ' has called 
ndention to the r^i-tenee ..f siioilar hn-c masses of reef rock iijion the 
shore platform of coral i^lan.h. 

' C<irnl* iiii.U'ornl Isliind.. p 170, 
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To tbo weataanl of the Janico River the ihore hilla gndudl^r become 
luver; tliey are not nbuvc four to five hundred feet in liviglit, with 
ruiiDilcJ iiIiipcD, friJiii which nil truL-cii uf tlic terracea hitvo )M<t,-» oUit- 
eratitl. Only heiv iiud thiTO cnii we trace the fint tvimce. Ak we 
n|)[>nmch IIkvhiib from the eiiMtwiinl the «huro hillH coiitiniin to diiiiiii- 
i«h ill lieiglit, ahiiwiii); tpvutiT iiinrkii nf enwiun. Tliey arc nut aUive 
twu liuudrol or tw<i liiiiidred itnd tiftj- fvet, mid when the Miiiro conieH 
ill Hifjht thvv nrc ii)>i>ut « himdn-d tu a luiiidn-d and twiiitv fit-t. It in 
ouly ueiir the Murru thut the lemicen uro u|miii diiicernihlc. The lirxl 
ttrnice i> nxxit prumiuent to tlic westwitnl of the entntnee of ihi- hnr- 
bor, while hdiiio of the hilla which Biimnind the )M>rt nu\ reiiddy he 
reco):ni».<d lu jMita »f the nccond and third. The higher hillN tu the 
Botitht'oet of llnvuim ahow no Inicfs nf tvrrneeH. To the witilward the 
tuhlu-latid (if .Muriel coiiHiNtH (if aevcnil tLTraccs, the stfp« of whii-li nrc 
ptniuly viajlde on eiilcrin); the harlH>r of Havana. The reef niclf of 
thi first temiw (I'liite XI.V.), citcmliiit; wentwnrd from the Crnillc de la 
I'unta to lliir Sun l^irviixo i]inirrieii, ia full of fine ajiecimeiia of ciimln, of 
the Bame HiiecicH which liavu charactcritcd the first (crrnce of the tle- 
vati><l n>ef tthcrever we have exanihietl it, whether at ancli diatatit [miuta 
Hit SiiIhiiicv, ltiin«.-iiu. and Ciiv ronfitea, or at Mntati&u or Havana. 

To the weatwani »f Havaim the coast hilla are h>w. They are llniiked 
hy tlie line of the hrat tcrraco, and cut thn>iit;h here and there hy the 
valleya of the rtninll rivers taking their riae in the Mariel tahle-land, and 
in the hnikeii niiif^- i-\tctidiiit; wcarward to the Sierras de loa <lr>.'an<«. 
Marii'l, Cahafina, and Itahii* lloiidit are iho only tlaitk-ahajicd harlxin 
fiiniid Iwtwpcn Havana and the eaatem exln.>niily of the <'<dorado lU-ef. 
Thi> <'n|<.rtid<> lU'ff foriiiH the ot^-e ufa {ilateaii extending oiitaido of the 
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THE CORAL BEEFS OF CUBA. 

PlatM I. and XUI.; PUte XIV. rig. »; PUtcs XUV. to XLVn. 

Outside of the elevated coral reef which may be said to flank nearly 
the whole coast of Cuba is found the growing reef, extending to ten or 
twelve fathoms or more wherever there is an insular platform of any 
width between the elevated reef and the 100 fathom line. This living 
reef is most irregular, occurring often merely as patches, or as spits 
forming small boat harbors, or as either short barrier or fringing reefs. 
But in many localities the general line of the reef is interrupted, either 
from the shilling bottom of coral sand on the sea face of the elevated reef, 
or from the great steepness of the shore 8loi)e, as along the south coast 
of Cuba from Cape Cruz to Cape Maysi, and nearly as far north as Nue- 
Titas. Here, and along tlie fiice of the cays protecting the main shore 
of the island as far a.s CardenuH, the continental platform is much wider, 
and forms a coast slielf of considerable width, npou which corals flourish, 
principally in fmm three to seven fathoms of water, though they extend 
into depths of ten or twelve fathoms, or even more. Fn>m Cardenas to 
the eastern extremity of the Colorado Heef corals do not flourish, except 
on the Jaruco Hank, probably from the siinie causes which influence their 
distribution on the south coast. Inside the Colorado Reef as far as San 
Antonio exist a series of cays similar to those on the submarine bank to 
the eastward of Cardenas, but on a smaller scale. On the south shore, 
fronj the Isle of Pines to Cape Crnz, we have an extensive archipelago 
of similar structure upon a wide platform the e<lpe of which is fringed 
with corals. On this plateau are, to the east of Trinidad, the Great 
Bank of Bnena EsiH?ranza, the Manzanillo and tlie Laberinto de Doce 
Leguas Banks, and innnmenihle cays dotted over its surface. The reefs 
between Cape Crnz, the Isle of Pines, and Cape Corrientes I have not 
examined, and know them only from the description of the Coast Pilot. 
The Colorado Ueef I have only seen at two points. 

On the sotith coast, l>etween Cape Maysi and Cape Cruz, the promi- 
nent stretches of reefs arc those to the eastwanl of Jucaro Anchorage, 
on eacli side of Damns ('ay, and the belt extending eastward from 
Brava Point, where the reefs extend to the foot of the Ojo del Tore and 
form a sheltered reef harbor. A small pjitch »»f corals also stretches 
to the westward of Cai)e Crnz. In addition to the mnny cays which 
stud the banks between Cape Crnz and the IsU» of Pines, many parts 
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of tiiia region are " tbickljr covered with inualtroom-sb&pcd coral BkoaU, 
wliicli audduiily rise from BouiiJiug« of live to eleven fulhoma to jiml 
Bwuh." TlieiM coral heoda art! ouid to bo cspeciallj' thick in the vicin- 
ity of Boca Uraudu, and extuud tomuda the raaiulniid. A prominent 
reef citcuds all the way from lirctou Cuy uorth of Boca Urundc as 
far as Zarza de Fucra Vay. From that poiut the reef is limited to a 
aliort atrvtch of patohea to the eaatward of Triuidad. Tlie cuaat Uivru 
in Hanked hy ateep rocky clilfH. The lUO fathom line ia cloao to the 
ahoru ua far aa Cuchinua Bay, the wcatem aliore of which la aiuidy, and 
teriuinatea iu I'iedraa Cay, whence a bank eitcnda to the weatwanl 
which connecta with the JardiuiUoa Bank. The reef encircling thia 
bank aturta fruDi Diego I'erui Cay in CuEoiioa Bay, and eitcnda on the 
eaat face to Eaat (Jnano Cay, the miwt euiterly eitrcmity uf the liatik. 
The Miutheru face uf the Imnk ia " akirte«l hy a chain of reofa," hn>kcu 
to furm Buaario Channel. B«.'yi>nd the cbiuuicl a "rormidul)lo barrier 
coral reef" runa un the prohmgation uf the bank out towanla Pry 
Shiniflu, to tho eaatuni end of the lalo of I'iuca. Within Drj- Shingle, 
the ('ulujNitch Mvhagim Itoef ia one niaaa of curnta juat awaah. 

The aonth couat of the laic of I'inca ia akirte.) by a reef. On the 
wvateni aide of the ialaiid tliurv arc, as on tho ahorea of many uf the 
caya of the twiika lictHtt-n Cajic Crua and Cujw Corrieiitcn, eitcnaive 
jialchca of " aoborumi," {nirta of the liriit tcmice ur elevated rvef uf 
CuIhl a coral reef eliMuly akirta the whole wcat coaat of the lale of 
I'nicH. The Ulu of PiniM ia by far the birguat uf the ialanda and caya 
wfaii-h are dutu-it over tho ^rt-atcr jmrt of the wide Imiika off the w>utli 
cm nnut of <'ulni. The t-aHti'rn cilenaii'ii of the Ule of I'iuca Bank 
reachi-n tu ItiMiirii) Chnniicl, and the wuatcni i-itension to <'a[>e France*. 
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with the endless chaiu of cays extendiug eastward from Cardenas as far 
as Nuevitas. 

Tlie entrances to the flask-shaped harbors of Bahia Honda, Cabanas, 
and Mariel are made by breaks through the extension of the barrier 
reef, which from the Maniinar Opening to Cabanas has become almost a 
fringing reef. Beyond Cabanas, and as far east as Matanzas, there are 
but few patches of corals, one to the westward of Mariel, another off Man- 
gles Point to the westward of Havana, and we find corals again on the 
Jaruco Bank and off Mava Point on the eastern side of the entrance to 
Matanzas. The absence of corals is undoubteilly due to the great depth 
immediately off shore along that whole stretch of coast line. 

From Cardenas to Nuevitas extends a shore platform varying in width 
from five to twentv-five miles. The outer edj2:e of this coast shelf is 
edged for nearly its whole distance by a narrow coral reef extending from 
three to seven fathoms in depth, or perha[)s more. A belt of cays, many 
of them of great size, like Cay Coco, Cay Romano, and Cay Sabinal (Plato 
XIII. Figs. 1, 2), lie between the edging reef and the shore, leaving 
large bays or channels navigable for small boats between their western 
shores and the main island. Between Cardenas and Cay Coco the cays 
are smaller, and are either scattered in clusters over the shore plat- 
form, forming small archipelagos like those off Santa Clara Bay, Sagua 
la Grande, and Caybarien, or else form a belt more or less parallel 
with the 100 fathom line (Plate XI II. Figs. 3, 4). 

These cavs are the result of erosion combined with the wearinj; action 
of the sea. On their sea face we find patches of soboruco elevated to a 
height of from five to fifteen feet. The first terrace, formed mainly of 
soboruco, has been icreatlv eroded in the district between Cardenas and 
Nuevitas, and in many cases only small patches of the soboruco are left. 

To the eastward of Cay Confites the ed;^'inLj: reef little by little trends 
toward the shore as the sh<^re platform becomes narrower, and to the 
east of Nuevitas the reef becomes a fringini; reef, forming disconnected 
patches se[)arated by sandy banks between Maternillos Point and Herra- 
dura Point. At some places, as off the entrance of Padre and of Nuevitas, 
the reefs form small reef harbors (»ff the sh<»re, similar to that of Alfred 
Sound on InaL'ua. Thev are readilv distinLniishetl, even at a consider- 
able distance from the land, by the e.\«]uisite emerald color of the enclosed 
waters. 

The Jaragua anchoraire is an excellent example of the formation of 
an anchorage behind a c<»ral reef caused by the break ins: through of a 
channel opposite the mouth t»f a river. (Hydrographic Chart, No. 518'.) 
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Oppoaito the river Moa tlie contl roef which atretchei acroM tlie port 
of Ca)'u yioA it iutumiptcii, ami the bruuk furuia the entrance to C'ayu 
Moa Bay. A still bettor example i« perhapn that of th^ aiiuhorages of 
Vauiaiiiguey and C'afiete, where the otitlyiug ixiral reef is brukvn thruuiih 
in two ploots, (ijipotiite each of the riven which given the anchonttire iti 
name. ThcM! lead into an eloii^rated bay, the northern end of which in 
the lUy of Cufieto and the Buutheni the liny of Yatnanigney. 

Uetwevii Herrudura I'uiot and C'njie Maysi wo find only here and thcri> 
patches and nhurt Htretchea of fringing and edging cural reefH, or amnll 
revf harlKirs, an hetwecn Uibara and Sama I'ornt, and aunth uf Mulaa 
IVint to llanca, and between the entrances of Nijie and I'urt C'nnova. 
Kruin that jKiint (he ahoro platfurm l«ci>nioa wider and the reef luorv 
cuii(iniioiii) tu off C'uyo Mon; it runs clone to the ahore fn<ni Mangle 
I'uiiit tu Jaragno. From thia place to Cnpe Mayai corala grow outaide 
of the cUvati-d auliomco n-vf only where the deep water diieit not oonie 
too cluae til the avn face uf the clevati-d reef. Ttiit the living coral n-efa 
of Ihia jHirt iif the cmiHt, nil tliu way fruni Cajio .Mayxi to NuevitaM on 
the wvat, aud to CafM C'nu on the aunth eoaat, are of little iniixiriancv. 



DISTRIBUTION OF CORALS IN THE BAHAMAS. 

maw I. ud I'lalM IX. M Xlt. 

It ia inti-r<-Rting to f<ilh>w the diHlriliutinn uf corala ujion the lianki. 
(jti-liiiling the iilgtug rccfa 'if ihe (iniit and Little Ituhania Itanloi, aa welt 
nn Ih'inr of the imtcr iilge of the Hnmllor outlying euxteni liiinka which 
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ezoepUoD of the edging reef on the west side of the Great Bahama Bank^ 
on the east face of the Gulf Stream, wc find the bank wholly bare of 
coral heads. It is one wide expanse of marl and of coral or coralline 
sand to the west of Andros, and to the north or northwest as well as 
west of the line from Andros Island to Cay Lolx)8. To the southeast 
of the termination of the Tongue of the Ocean the whole surface of the 
bank is dotted over with an innumerable mass of rocky heads, forming 
a wide field of aioiian rock ledges, separated by narrow channels of from 
two to three fathoms of water or less, through which only small boats 
can navigate. This field extends almost to Nurse Channel on the south, 
and occupies a large triangular area reaching to the southern edge of the 
Jumentos Cays. Many of the heads are covered with coral growth. 
There are similar but more widely separated patches of rocky heads on 
Columbus Bank, and another extensive area flanking the southern edge 
of the bank from north of Blue Hole Point to Lobos Cay. In the dis- 
trict to the north of the line from Blue Hole Point to Diamond Point 
these patches are met with nearly forty miles from the edge of the bank. 
Another important patch of coral heads is found to the west of the south- 
ern end of the Tongue of the Ocean, south of Andros. 

In addition to the Middle Ground southeast of New Providence, there 
is a baud of rocky heads occupying the centre of the bank to the west 
of Norman Cay, and extending south till it reaches the sand bores to the 
east of Green Cay. Over the greater part of the rest of the bank the 
disintegration and reduction of the heads and islands and islets have 
been so complete as to leave the surface covered only with HK)lian sand 
and fragments in various stages of destruction, from the finest impal- 
pable powder to fine sand, coarae sand, and flakes of coralline alga) from 
an eighth to a quarter of an inch in length. 

On the smaller banks, the western and northern edge of Little Bahama 
Bank north of Bahama Island is occupied in part by heads, and the edge 
between Settlement Point on Great Abaco and Carrion Crow Harbor is 
fairly covered with heads between the few islands and islets reaching 
the surface. On the eastern edge of the bank the heads are interspersed 
between the cays, and nowhere form such a peculiar ground as the Mid- 
dle Ground of the Great Bahama Bank. On Crooked Island and Caicos 
Banks the sunken heads are limited to a con)pamtive]y small area ; in 
the former to the west side of the bank between Fish Cavs and Castle 
Island, and in the latter to the area of the hank south of Ambergris 
Cays to South Rock and Swimmer Rock, and along the western edge 
of the bank. On Mouchoir and Silver Banks there is but a small area 
where coral heads are found. 
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But perlmps the mow otuu«ct«riitifl of the Bahunk banki, thawiDg 
the diaintegratiun of the larger noliui ialatida iuto Binall isolated heftdi, 
ia the Turk's Isluiida Uank, whore the whulo area tu the south and weat 
of Ciraud Turk latund, as fur as Salt Cay oo the ouo sido and East Caj' 
on the otiier, ia one uuixa of heada with dvep obauuels between thetii 
(I'latB IX. Figs. 5. 6). 

The "coral heada" described by Mr. J. A. Whipple' in hie Jourtwl, 
refeiTL-d to by Prureaiwr Uaua* as itauding iu hfly feet near Turk's 
Islaiiil, are uut uuml heads iu the striut seuse of the word. They are 
Diuahruum -shaped rucks uf woliaii structure, veneered with coral growth. 
!)tuiilur mushroDUi-sliaiicd rucks of volcanic origin covered with coreU 
occur iu Kaneoho Uiiy, on the weuther side of Uahu in the fjacdwich 
Islands, and are common in the Uuhamas and Dcrmudn*. 

Thfw tracts of conti beads are Men to be in areas accessible to the 
prevailing wiiidi), and tu thu fuud supply Hwe[>t ugMHi the Imiiks by tboro 
uid the provniling ciirrunta. Thee« {mtches, furiain).' the Middle (!n>uiid 
or " vurul heads " rvgion, arc without dunbt clusters uf loolian rock, which 
have not Iwconie entirely disiiitvgratt.-4l, and which rise tu ver^- varying 
heights al>ovo the bottom of the bank. t'|ioi) these in many places 
coraln and ( iortjoiiiaiis have obtaiucd a fiKithuld. l'|><m the imaller 
iMiiks, c-IihkhI on one or mure sidea, the curals or cond heads eitend 
only a ahurt distanuu upon the side u{>cu to the action of the prevailing 
wiixIh. 

('[Hill Ijttii- llabnnin Raok wc find no eitensive tract of oral heada 
outside <if ih'Hu- iimw wbirh may Iw calli-d edging or fringing reefa, or. 
aa on the Houthcrii face of lliihniiia [sliind, their extfiiNion a short dia- 
tnnci' ii|Kiii the laiiik. The edging reef" nmy in gL-uerul tie Huid to eiist 
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tioD. It may not be far out of the way to assume that their thickness 
wu no greater than that of the elevated reef of the Cuban coast on the 
opposite side of the Old Bahama Channel. 

The difference in the formation of the coral reefs of Florida, the Ba- 
hamaSy and Cuba is most striking. The coast of Cuba is characterized 
by the elevated reef terrace which surrounds it. In the Bahamas the 
corals are scattered over wide areas, either on the interior of the banks 
or lining their margins ; they have played no part in the building up of 
the Bahamas. In Florida the corals have nut only built up the outer 
keySy but also the inner line of islands, and tho outer reef reaches the 
surface at many points. In the Bahamas the reefs are subsiding, in 
Florida they are stationary, and in Cuba they have been elevated. 



HYDROGRAPHY OF THE BAHAMAS. 

PlutM I.- VIII., and Plato X. Figs. 4, 5, 

This brief sketch of the Hydrography of the Bahamas, of the Wind* 
ward Islands, and of the Caribbean, will serve to show the relation of the 
coral reefs to the great banks upon which they are found. The Con- 
tour Map of the Caribbean (Plate VIII.) was prepared for my Eeports 
on the " Three Cruises of the Blake/' at the Hydrographic Officei 
through the kindness of Commander J. R. Bartlett, U. S. N., Hydrog- 
rapher, -and it is for the sake of convenient reference reproduced in 
this Report. For the chart of the Bahamas (Plate I.) I am indebted to 
Commander C. D. Sigsbce, U. S. X., the present Hydrographer of the 
Xavy Department. 

The sea face of the Bahamas indicates depths and steep slopes "fully 
as remarkable as any yet observed in the Pacific, even among its equa- 
torial islands," ^ and which are in great contrast to the more gentle 
■lopes off the Florida Reefs.^ 

The character of the slope of tlie bottom off the Florida Reefs has been 
well described by Pourtjilcs ' in the Introduction to his Monograph on 

1 nana. Corals and Coral Islands, p 216. 

* See Lnngenbeck, loc. nV., p. 28. I nm surprised to find that Dr. T^ingenheck 
qoettions tliis. A comparison of the West Indian and Equatorial Pacific Hydro- 
graphic Charts leaves no douht on this point. 

• Deep-Sea Corals, by L. F. de PourtaK's, 111. Cat. Mus. Comp. Zool.. No. IV., 
1S71. See also Pourtah>s. in I'eterm. Geof;. Mittheilun^^n. 1870, Heft XI. ; and A. 

The Tortugas and Florida Reefs, Mem. Am. Acad., XL 107, 1882. 
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Ddeji-Sea Coraln. He haa called atteotiou to tlie ipvat width (compar- 
atively speaking), varyiutf from tbroo to six niilua, of the alopo covered 
hyculcarvuuB mud exteuding from the outer reef to the 100 fathdm 
liuc. ThiH in ill niarkol coiitnut with the unrruw plateau found outsidr 
of ai)y reef ini the Italiainaa betwecu it aud the 104) fathom liuc. Thin 
Iilutonii iH Dearly alwnjrit a more narrow ahelf, wmetiuii-H leu than ii 
hundred feet, aud rarely more than a mile in width at its greatent 
breadth. 

An exam illation of the MCliiins given ou I'lntuIV. Fign. I -11, and Mali- 
V. FiK- lU, will ruiulil}- altow the character of the alujie of the boltoiu ofl' 
the Florida Kcjm, and the striking coutnutt of thi» h1u|ic with the Htcvp, 
aliiKjat vertical eidcH of the eea facen of the edges uf the c<»ul reef liaiikii 
of the Elahamaii (I'late IV. Fig& 4, 3, C, i'Utc V. Ki^'H. ID. 1.^). Ah't.g 
the Flurida Itevf, after paaitiug the 100 fathom line, we hiid a roiky 
lielt uf liiiieMtoiie built up uf orgniiic fragiiicnta of nil kimlN uf liiverte- 
hntcn, which extcmU very gnxhiully lu the 'iHO «r 3011 futhom line, 
and hiia a greatest breuiUb of ntiuut eighteen niih'M ulf Sonibrerii Light. 
Beyond Ihia rueky hell, the PourluK-H I'lateau, the bhijte Iteconit-n 
atceper Uiward* the tn<ugh of the Oulf Stream. US Cuba the n>cky 
alo|io ia very abrujit (Plate V. Fi|i. Ifi), and this abrupt iiIo|ie is cbar- 
acteriHtic I'f the wh«le hue uf the Culwu coaiit, holh north and Houth, 
except along the face of the Old lltdmma Chantic). Figure IH cf 
riat>- V. in a MHTlion from Sand Key lu Havima ; Figure 11 in a Hcctii'ii 
frum Cottiii'M I'nit'beM to KlluwCay on Salt Cay Hank. Thie tibowa with 
grenl d.-anieM the gentle iih>]K' off the rci-f to t«<. hundrcl and thirty 
fnlhouis an<l the abrupt pitch of the Sdt Cay Hank off Kll-w Cay. 

The eb:irnrter uf the iwtionH arrcihs the tn.Ugh uf the Cnlf .Stivam 
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0{>posite shore of tlie Great Bjiluima Bank indicates that heyond the 100 
fathom Hne the extension of the wide phiteau otl' tlic main ishmd takes a 
more gentle slope to the central part of the trough, while the hank slope 
is quite ahrupt. (Plate V. Fig. 1.) It is the opposite in a section from 
Piiredon (ininde to Guinchos Cay, the Cuhan slope l)eing the more abrupt. 
(Plate V. Fig. 2.) In a section from Cay Lubus at right angles to the 
channd across to Romano Cay, the two sIojk-'s are equally abrupt. 
(Plate V. Fig. 3.) The same is also the case in the deeper section from 
Cay Romano to Diamond Point, though the Cuban slope is slightly less 
abrui>f. (Plato V. Fig. i.) As we go eastward the sections across the 
approaches to the Old Bahama Channel become deeper ; in that from 
Matemillos Point (Cay Sibinal) to Blue Hole Point, the Cuban slope is 
the sleeper. (Plate V. Fig. 5.) The contrary is the case in the section 
from Sama Point t«> Cay San Domingo and Rag^'ed Island. (Plate V. 
Fig. 6.) The section from Caj)e Maysi (Point Azules) to Inagua (Plate V. 
Fig. 7) shows tlie Hrst eiirht hun<lreil fathoms to be steeper, followed by 
a gentler sIojk; to the th'ei)e-t 4)art of the channel, while the Inagua slope 
is more uniformly st<ep beyond the 200 f:ithom lino. Off Haiti in aline 
from Ca[)e Isabella to Turk*s Islands the Haitian slope is seen to ho 
8tee[)er than that of the Turk's Islands Bank. (Plate V. Fig. 8.) The 
sections across the Straits of Florida and acros.s the Old Bahama Channel 
(Plate IV. Figs. 1-3, Plate V. p'itrs. 1-*.)) show the dej)ths of the troughs 
which 5e[)arate the Bahama Banks from Florida and from Cuba. The 
extensi<»n of some of these st»ctions across the banks to the .Vtlantic give 
us an idea of their great expanse, and of the deep channels which cut into 
the hanks. First, the Providence Channels, which separate the Little 
Bahaina Bank from the (Ireat Bank (Plate IV. Figs. 2, 3) ; others, 
like the Tongue of the Ocean or Kxmna Sound (Plate IV. Figs. 4-0), 
which form deep bays into the bank itself; and finally the deep passages 
that sei>arate the smaller banks antl connetrt the Atlantic directly with 
the deep valley formimr the appmaehes to the Old P>ah:ima Channel. 

\ section run from .lupiter Inlet to Memory Rock (Plate IV. F'iij:. 1), 
across the bank to Great Sale Cay, and running otf the Little Bahama 
I*.vnk outride of Pensacnla Cmv, shows that the soundinjrs on the bank 
between Great Sale Cav and Memorv R<M'k are sli'ditlv deei)er than 
those to the eastward towards Peusacoja Cav. There seems to be little 
difference perr(?ptible in the steepness <.f the .\tlantic slnpe of the bank 
from the 10 fathom line t(» about three hundred fathoms, as compared 
with the slope off Memory Rock into the channel (»f the Cnlf Stream. 
A section from Hillsboro Inlet across the Northwest Providence Channel 
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(['lute IV. Fig. 3) allows tbe aoiitherlj ritension of the Little Bkbatns 
lUiik i)c]iaratiiig the (iuir Stream cliamiel and th« Atlantic bight of the 
Ncirthwent Pruvideiice Chnnuel. This line ruus acron the bank from 
MurcM lalutid tii t:rcnt Alnco, and ohows a much atet-per aca face off 
Little Harbor on tlio Atlantic than off Morea on the I'ruvideiicc Channel 
n1o]h.>. The M.-ctiuii from No Name Cay aouih of (ireen Turtle Cny 
(I'lulc VL Kig. 4) JK intcrctiiingaa allowing the lino of the outer rid^'e 
of tiuvH and |>iilche!i, oftun rising tu the Hiirface, and jciinini; the dinoon- 
nectvil pitrtH of thu outer reef with the belt uf dve|>er water between it 
anil the inner line of ciija of which (ireen Turtle Cuj- ia one. 

The Hectiiin from Ko«fy Itocks to <'iiii Cny (I'late IV. Fij;. 3) acmiw 
the tKirtliem pitrt of the (ircnt Itidianiii Hunk to the Berry Ishindti iihnwii 
a niiK'h iit(.i'[>er alojiu olf these ialimds into the XorthiiiKt Pmvidcnre 
(')iiinni'l timii the weateru slope olf Uun Cny in the diri'ction of the 
trough of the Hiilf Strmiii. The line acroas the liimk from Itoynl lol- 
anil to the Atliintic Tiku uf Kleuthera indicates a very nhrii|>t hIkiip Uith 
on the channel nide ami on the Allniilie side, these two Mh>|icn liein^ us 
■tc'fp us the h|[)|m! t'liHl of the Iterry Ishiniln. 

A i«'<!tion inud<' Homi'what farther Hontii (IMiilo IV. Ki^'. 4), from Oranki- 
Ciiy acroKN the imrihern eitruinity i>f .VndroH, the Tun^ix- of th>' (>centi, 
Niwiuin, anil that [Hirt ol the bank lyitit: l>ct«cvn it and F.li-nthem, shows 
thi- wime featiircH im the more nnrthi>ni aection. The Ornni^ Cny alojie 
U li-HH nhrnpt tliiin tlii> enat and went Mto[ii>s of the Ton-;iie of the Oceim 
off Aiidnm and otf NiiwulM. The Atlitntii' Hlo[>e nlf Kteiithcni in Homewhut 
leon st.-e|. thiin the i>lii|>e farther north. A Wfti.in from S.dt (\v I'-ink 
{ridti'IV. FiL'. ■"•)iiin.!iH to the southern jiart of Aiidron, to <;nen Cay. to 
llitrvcy I'liv, mid ni-roiut F.iiima Sound to Cut iHlnnd, hIiiiwh a letw iil>rii|it 




AGASSa: BJLHAMA& 143 

of which Rum Cay is another siimmit. The eastern slope of the Tongue 
of the Ocean is less steep than the western face, and the slope off Exuma 
18 far less abrupt than that of the peaks forming Conception Island and 
Watling Island, both of which rise abruptly from a narrow base at a 
depth of over twelve hundred fathoms, and finally on the line from Cape 
CabroD (Haiti) to Navidad Bank the slope is equally abrupt on the two 
sides of the deep valley which separates these points. (Plate V. Fig. 9.) 
A line from Acklin to Hogsty Reef (Plate V. Fig. 10) and thence to 
Inagua shows very abrupt slopes in the deep channel separating Acklin 
from Hogsty (over one thousand fathoms) and that between Hogsty and 
Inagua, which is more than fourteen hundred fathoms deep. The ex- 
tension of that line to the eastward of Inagua runs into over seventeen 
hundred fathoms, and cuts somewhat diagonally across the slope of the 
northern face of the deep channel to the north of Haiti. 

There are unfortunately no soundings on the Atlantic face of the 
lines between Crooked Island Bank, Mariguana, the Caicos, Turk's Is!- 
andsy Mouchoir, Silver, and Navidad Banks, to show definitely how far 
these banks are separate elevations, or how many may be connected 
together. (See Plates I. and VIII.) On the western slope the soundings 
seem to indicate that Turk's Islands and the banks to the eastward may 
be the summit of a gi*eater bank connecting them all, and that Mari- 
guana, Plana Cays, and Caicos and Crooked Island Banks are the summits 
of distinct banks separated by deep channels, much as Crooked Island 
Bank is separated from Loner Island by the Crooked Island Passage, with 
nearly thirteen hundred fathoms in the deepest part. But perhaps the 
Plana Cays, Mariguana, the Turk's Islands, and the other banks may 
hold to one another much the same relation which the Mira por vos 
Bank summit holds to Castle Island (Plate V. Fig. 11) and the Crooked 
Island Bank, being separated from the last by a channel of more than 
nine hundred fathoms in depth nnd from Cay Verde by a channel with a 
depth of nearly fifteen hundred fathoms. 

The soundings panillel to Turk's Islands Bank would seem to indicate a 
deep channel of perhaps a thousand fathoms between it and the Caicos 
Bank and the extension of the slojje of Mouchoir Bank to the eastward 
south of Turk's Islands Bank. 

We made a line of soundings to three hundred fathoms at right angles 
to Crooked Island Bank (Plate VI. Fig. 2) about one mile south of South- 
west Point on Fortune Island. The bottom from three to five fathoms 
WAS coarse nullipore and coml sand ; at from six to fifteen fathoms it 
became quite fine ; at one hundred and eighteen it was still finer ; and 
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M no Bpcciinvi) waa collected at citlicr of the BOiindings bejrood that, it 
muHt Imvu lieeii ruvkv button). Ou stctiining buck to our startiug |)oiiit 
for (Ired^'iii;;, hh wc rtniclied Bcveiiteen futhoiiiH we found a few cvnX dead*, 
with Inr(-« iNitclieii of tiiiu white aand lictween tlicm. 

On thr hiiu of Miiuiidiiitii we rail at right angles to the imnk off 
Exuiuu Harbor (I'lute VI. Kig. 3) wo brought up aa far as (cvcntn'n 
htlioiiK tlic vouniu lutiid uf tlio buiika ; at eighty fathoms wc foiiiid rather 
liuvr coral Hitiiil and a few brukeii ithi'llit ; at one hmulrvil aiiil fortjr-l«o 
fatlionix the lH>tti<iii wua cimi[H»ted of fitio ■luiiiiiiiilitic and comi aand ; 
the l>olt<>m wiiH r<H:ky at one humtred iind fiflyncvon ami two hundred 
and fonv-twii fiithoiiia, uud at two hundred and eixtj-itix fathoniH me 
atriK-k line eond ooie. 

Neitiicr of IheHe nli'iiea dilfora nialerialtj- from the nnrtlicrh- iilnpe of 
HoKxty lieef. (W the reef the Wm falhoui line {l'lnte II. Kij;. I) ia 
about four n>il<-H fn>m the UHi f»llii>iu line. Off Fortune Mand it ia 
at aUitit the HJina- diNtaiice, aud off Kxmun HarlHir the HHt fathom 
line iH f.>iir uiiloH from the .10(1 fnlh'nn line. (I'late IV. Fi;;. I!.) The 
Mtiddei) dro). of thi'xe bankH t» tho KH) fHil.om line ocun from the !.'> 
to the 20 fiilhiim line, the diHlance to the KH) fathom line vnryiiii; from 
<.ne »>Uh !'• thre.- Iiftl»t of a mile fr..m them- aonudiii^'s, or ev'eii leHH at 
•ither iH>iuln on the bankH, aa olT Cri'en Cay, wheie it in n»| more than 
Gro hmidnxj f<-.-l. DtT the t-oaxt of Florida the |(»i n<lh..m line ia fr.>m 
four t<i nine mili-a diNluiit fr'iiu the |(> fathom line, the hue of the nt'f. 
(I'lat,- IV. Fur.. l-:t. I'lut.- V. Fig. Ifi.) 

itti ihi- .M..H,uiIo Ruik, Konth of i:o)udiii<l Itauk, the MK) fHthom line 
ia ixurK ihirly mil.- from the KHI fathom line, and Wtwe. ii the lUwn- 
Iind and IV'Iro \'.imU the ii1«(k-ii eaHt and «<'i<t fn»n t-ai-b Ixiiik an- fully 
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An examination of the sections across Martinique (Plate YIL Fig. 5), 
Omiada (Plate VII. Fig. 6), the Grenadines (Plate VII. Fig. 7), Domin- 
ica (Plate VII. Fig. 8), and St. Lucia (Plate VII. Fig. 9), will show the 
■ame character of the western slope of the islands. Off the Mont- 
aerrat and Antigua Bank (Plate VII. Fig. 4) this does not hold, the 
eastern slope being the steepest ; nor is it the case with the ridge of 
which Barbados is the summit, the eastern face being the steeper (Plate 
YIL Figs. 7, 9). A section from north to south across the Virgin Island 
Bank (Plate VII. Fig. 2) shows a steeper slope on the southern fiu)e 
within the 500 fathom line. 

That is, the continental slopes, or the slopes of such straits as the 
Florida Straits, are less steep than the ocean slopes within the area 
of the limestone banks. 



THE CORAL REEFS AND BANKS OF THE 

CARIBBEAN DISTRICT. 

Piute YUI. 

The following notes on the reefs and banks of the Windward Islands 
and of the Greater Antilles were made during my connection with the 
expeditions of the *' Blake '' from 1877 to 1880. As they bear upon the 
general theory of the coral reefs, they are now published more in detail 
than in the general account of the *' Three Cruises of the Blake.** The 
statements concerning the reefs of the north coast of Cuba, and of the 
south shore from Cape Maysi to Santiago de Cuba, are based upon per- 
sonal eiamination, as well as those on the Florida reefs and the Yucatan 
Bank. In making up my notes I was obliged to consult nearly all the 
recently published charts of the Caribbean. This has led me to add a 
short account of the distribution of the coral reefs of the north coast of 
South America from Triuidad to Costa Rica, and also along the Mosquito, 
Nicaragua, and Honduras coasts, as far as Cape Catocho on the Yucatan 
Bank. With the exception of the const near Aspinwall I have not exam- 
ined any of the reefs or the outlying banks off the Mosquito coast, off 
Honduras, or those between Jamaica and the Mosquito Bank. Neither 
have I visited the line of shoals extending from Cayman Brae to Miste- 
riosa Bank. 

The reefs of the Windward Islands are almost without exception on 
their weather side, and on Saba Batik, off Anegada, and on the bank east 
TOL. xxn. — iro. 1. 10 
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of Skota Cnis we have horsoiihoe-sbaped reefs followiug the outltae of 
tho banks at deptlis of from six to teu rathuuis. In the majoriljr of these 
cues we might took iijioii thevc curved reefs an atulls. Tlioj vary grcntljr 
Id outline, following closely the depthii at which ttiey best thrive, and 
have usually taken frum tlio shape of the basis upon which they have 
di-velopctl the outline of a mure or less circular belt. Tho summits 
wliich have risen above the sea level are many of them more or less 
circular or irregularly elliptical, liku St. Viuccut, Grenada, and Iloniin- 
ica. Others are greatly indented, like the Grenadiuea, Mariiiii(|ue, 
Ifiiadelixipc, and iSL Martin ; whilo amont; the northern islniiils we tind, 
OS amiin^ thi> smnllcT Grenatlines, many irrc^rularly sliajied inlFiridii, as 
Santa Cruz, Angiiilla, St. Thomas, Cat Isliinil, and the like, along the 
•hures of which we altio find linen of imvular hmken reefs. 

The 100 fitthom line of the banks »» the west face of the WinilwanI 
iHlands is com|)arative]y cliwe to the short', the aca fitce ia quite abrupt, 
and the nuuw of volcanic mud mxt other nmlcrinl which is washed down 
during the ruiity seawm isijuite suflicient to prevent the {-rowth of frin- 
Iting reefx, which aru so flouriBhing im tho weather sidu. WVa' ihi- bmikH 
of tho Windward NlaudN fringint only by low, narniw inLinils, like the 
Itidiama Itimks, wo might cxjieut to find reefs growing on their wi'Rtoni 
edge, fi>rniing thuit a uunilwr uf atoll-like banks, such as Crouked loland, 
('niciH, and Ilognty Iteef. 

lliinteHhiie-shu|HHl or Rcmicirnilar roefs cxiHt on iHolaled Imnki in the 
('iiriblHitn, aH fcir inntaiiee on the Morant CavH, Serranillii, S'rrnnn, and 
ijuila Siiei'iM DaiikN. Then- are also curved reefs simulating ncnii-at»IlH 
on the MowpiitN and Yucntnn Itiinks, such as FMinhurgh Itcvf, Half- 
M.->n If'H anil tho Hobbies ..n the former, and tho Triangles, Sisal, and 
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broad continental shelf furmed bv the 100 fatliom line outside of Tobajjo 
and Bliiuca Islands, we find the Lank to extend from Bequia in a south- 
westerly direction, forming' a curved elon^^ited plateau concave towards 
the west, with ljc(piia and Grenada as its j)rincii)al islands, the latter 
risini; to a hoi«4ht of over twentv-seven hundred feet, and other volcanic 
summits such as Carriacou, Cannouan, and a number of smaller ones 
scarcelv risiu'^ above the level of the water. Corals flourish on the 
Atlantic face of the bank, ft)rmin;u^ frintring reefs or barrier reefs, or often 
coral rid;res connectiriLT the smaller islets. Round St. Vincent (Hydro- 
grai)hic (.'hart No. 1-79, Admiralty Charts Nos. 791, 95G), St. Lucia 
(Hydrograj)hic Chart No. 1-Gl, Achuiralty Charts Nos. 9.")6, 1273), 
Doujinica (Ilydro^raphic Chait No. l.'U-S, Admiralty Charts Nos. 697, 
9r)G), and Martini([ue the 100 tathom line forms comj)aratively small 
banks. Onlv a narrow belt on the northern and western face of St. 
Vincent and St. Lucia, and a soniewhat wider plateau on the eastern 
face of Martini(pie, are stuiKled within the -0 fathom line with coral 
reef patches existing either as barrier reefs or as fringing reefs. No 
elevated reefs have been observeil on Martiniipie, St. Lucia, or the 
Grenadines, wliile Barbados, which rises to over eleven hundred feet, 
is surrounded with ek'vated reefs forming a series of terraces round the 
island. These have been carefiillv stu<lied bv Harrison and J. Jukes- 
Browne. Barl>ados itself is the summit of an extensive elliptical bank 
above the 500 fathom line, the irreater part extending northward nearly 
to the latitu<le of the nortliern extremity of St. Lucia. 

The northeast coast of l)arl)a(los (Ilydrogiaphic Chart No. 1010, Ad- 
miralty Charts Nos. 9."><;, i^ls.')). is skirted by a coral reef from a quarter 
to half a mile from shore, which enciriles ahnost the whole island. 
Off Balmetto I»ay the reef is mere than a mile offshore, but of! the south- 
east coast a barrier reef is foun<l, known as Cobl)ler Beef, extending from 
Kitrid'^e Point to South Point, with a channel varvinj]: from one half to 
three and a half fathoms, and from a quarter to half a mile in width, with 
two to eight feet of water ; and parallel with this is a narrow sunken reef 
with from seven to ten fathoms nf water, s'paratiMl from Cobl»ler Beef by 
a belt of water from one quarter to three (juart«'rs of a mile wide, with 
soundinjrs close to the outer reef raiiLnuir from fourteen to twentv-seven 
fathoms. To the seaward the B'H fathom line is not more than two 
miles off. 

rjrenada HIvdroLTaphic Chart No. I.'^IG, Admiraltv Charts Nos. 0.")^, 
2821) attains a lieiirht of from tweiitv-three to twentv-seven hundred 
feet. It is volcanic, and rises from a bank on which are the Grenadines 
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(Ilydrognphic Chart Xu. 357, Admiralty Chart No. 2673). Th« 100 
ftttliiiiii line iHAboutwvciimilcH from the oantcuuL The bonk has tweiity- 
Mvoii {ttthuuiH on the oa«t oii(^, dimiuiiihiii); to tH-coly abuut half* mil* 
from thu ahurc. On the wetiteni siilfl of the island the edge ol the kaok 
is iiiit mom than two thinJM •>{ m mile frtim the allure. 

The eaatern and auiithuni ahonw of Uronada are akirto) \ty wide TriD- 
giiig oural reefs, following thu deep iiiduiitatiuiis which characterize tliai 
)iart uf Grenada. Ik-tween the island and the 100 fathom line a ntimhcr 
of irTL'gnlar Imnks rise from the main l>a)ik, with [h>in scTcntevn to 
eighteen fathonia npi>n theui, fruni neitr the 20 or .30 fiitliom line, the 
■unimita prvbnlily of islets and inlands no longer reaching the surfare. 

1'he Crcnadiuea consist of aUmt one hnndred islands and mcka ei- 
tending for aixty miles liotwcen <ircnaila and 8t. Vincent, none of them 
attaining a height of more than eli'vvn hnndred feet The nnmllcr inlets 
and iHUndsaramanj' of tlieni fringed with n'efa, or jimlected on the eastern 
faces by barrier reefs. 

4'iirriucoii ' (llydrographie Chart S... 357, Admirally Chart Nti. 2W72). 
Little .Marlini'iue, Little St. Vineent, Cnion, and I'nmt- iNUnils are |>ri>- 
tecttil on their etutem fun's hr curved liarricr reefs with deep water 
Itetneen the reef and thu shore (one to seven fathmnH), or by fringing 
reefs. The TolMgo Cii)'s an- the centre of a couipliented system of ci>ral 
reefs, forming the rrinifiiiK reefs of Tulm^ and of the smaller adjacent 
cavs ; lietween tlio iHliinds extend broad piitehes of eoral heiida. The 
ToUgo Cays (HydnigraiJlio Chart No. 3.'i7, Admiralty Chart Xo. 2871*) 
are in the et-ntre of ii great tnirruw h<>rsv«biH'-)iliit|K'd liarrivr reef, the 
horns »f nhieh ar.> marly two and a half miles a[Hirl. Ontside to tlio 
ea^tasnl nr.- tli.' isoLiti'l n-ff |HiU'lieN known as l-^g Heef and World 
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from Grenada. It becomes materially wider uorth of Martinique. Thia 
It indicated by the two small bauks lying northeastward of Martinique 
between it and Dominica. North of Dominica, Marie Galante, and Gna- 
deloupe with its outliers of Desirade and Petite Terre, occupy nearly the 
whole width of the ridge to the 500 fathom line on either side. It again 
increases in width at the line from Nevis to Barbuda, and attains its 
greatest lateral dimensions on the line from the western edge of Saba 
Bank to the edge of the bank east of St. Martin, one fold of the ridga 
extending from Saba Hank to Santa Cruz and another to Sombrero, the 
valley between them falling off rapidly to the Anegada Passage. 

The northwest end of St. Vincent rises abruptly to three thousand feet. 
On the east side of Calliaqua Bay there is a lagoon protected by a reef. 

The Pitons of St. Lucia are l)etween three and four thousand feet 
high. At Laboise the sliore is skirted by a reef. 

The depths of the passages between the banks of the Windward Isl- 
ands are quite moderate. Only in the channels between Dominica and 
Martinique and between Martinique and St. Lucia do we get a depth of 
more than five hundred fathoms (in one case 548 fathoms, in the other 
$75)y the 500 fathom line join in«i: St. Lucia and St. Vincent to the Grena- 
dines Bank, and tlie 500 fathom lino uniting Dominica with all the banks 
to the south of Sombrero with the exception of Santa Cruz and the two 
submarine banks between it and Sombrero. 

Dominica (Hydrographic Chart No. 1318), which rises to over forty- 
seven hundred feet, is, like Martinique, flanked on the east by a plateau 
of considerable width limited by the 100 fathom line. Between it and 
Martinique to the eastward rises a small bank, with a depth of forty 
fathoms. The northeast end rises less abruptly from the sea, the sound- 
ings off the coast showing a continuation of this gradual slope, the 100 
fathom line being three and a half miles off shore. It is interesting to 
compare the submarine slopes of Dominica, Martinique, St. Lucia, and 
St. Vincent with the steep slopes of the Bahama Banks, which have been 
considered by many writers as due to the continuous growth of coral 
reefs during subsidence, so as eventually to form walls of limestone 
rising abruptly from nearly two thousand fathoms in depth. It is sur- 
prising to find that it is the western faces of these islands which give us 
the abrupt slopes, while the eastern faces, on which the coral reefs are 
found growing upon a limestone bank of considerable width, show a 
comparatively gentle slope. 

The 100 fathom line surrounding Guadeloupe does not include within 
its limits the volcanic summits of the Saintes, or the elevated limestone 
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lilands of Dcsir&de, Petite Teirc, and Mario GaLante. Tbejr are aepanud 
fruni Guadeloupe hy nnrruw but deep chaniiels, having a depth of niui-e 
than two hundrod futhuiua. 

The wuatem part of Guaduluupo (Iljrdrogrupbio Chart No. 3G3, Adiai- 
rait)' ChurtH Nos. 665, 'J5G) is volcanic, and risea to a lit-iglit of nearly 
five tlioiiaand feet. Oraudo Terre, the euatoni divjsiun of Guadeloupe, 
in almciat a level plain. A part of the northern ooaat of the ialaiid la 
akirtcd by reefa with uhnniiuU tbruugh it. A conil bank citenda alung 
the auutheni [lart of the nortlieaat coaat of Grande Ten'o and of the 
caatem aide of Guadclon|ie. 

The Suiutea riae to more than one thousand feel, and arc akirted 
with putvhcs of reefa. Marie (iulaiite ia of ino«lenita ch'vntion, ita gen- 
eral Hp|inkrance lieing Hat ami low. It riaoa gradually from south tu 
north. The eaat Hn<l nurtheoHt coiutta are dan^cruiia, and skirtc)) by 
corul ruvfa. Deairmlu and Petite Terre are joined by a tcn-fathoui bank 
of L-iiral reef, the aunth anil eaxt aides fringed by corals. 

The French snrveja of Murtiiiiijiie (llyUmgraphiu Chart No. 104)9, 
Admiralty Charth Noa. :I7I, V.%) nhow that the euateni fiu:o of the ial- 
and from I'uint Ijilx>na>tnye ia iKinlered by a nearly continuona frin^iing 
reef, followiii); the niuny indentations of its ahoren and of the aniall isK'ta 
off the coaat. Otitaide of this, at a diHtanco of from one (u Ivo nillea 
from (he coaat, extctid a ncries of elongated coral ImnkH, moat of ihcm 
awaah, riaing from the 7 tu the lU fathom line, and forming a discon- 
ncetecl Imrricr reef with wide |inivuige<t l>elwi-en them varying in depth 
from fo'ir t<> fiflei'ii fatlioiiiH, reaching from Caracoli Point on the north 
to the Viiiichn Channel on the Miuth. Martiniipie riaen to a height of 
iiearlv fiinr tb<in>>und feet. 
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fathoms of water ; the bottom is clean white calcareous sand, with a 
depth of from twelve to fifteen or twenty fathoms, gradually increas- 
iDg to thirty fathoms, where the slope becomes very abnipt. 

St Bartholomew is nearly one thousand feet high, and rises from a 
flat bank of considerable extent, comf.>osed chiefly of broken shells, white 
•and, and corallines. 

St. Martin, and also the smaller islets near St. Bartholomew (Hydro- 
graphic Charts No. 1002, Admiralty Chart Xos. 130, 2038), are fringed 
with reefs on the eastern and greater part of the northern faces. On 
the shores of St. Bartholomew itself there are but few coral patches. 
St. Martin is nearly thirteen hundred feet high. Tintammare is bor-- 
dered on all sides except the west by coral reefs extending one quarter 
of a mile from shore. 

A small inverted-comnia-shnpcd bank is formed by the 100 fiithom 
line uniting Montserrat (Hydrographic Chart 2so. 1011, Admiralty Chart 
No. 254) and Hedonda, both of which are volcanic rocks. The isolated 
peaks of Montserrat rise to three thousand feet above the sea. It is 
fringed here and thore with corals on the east end. Kedonda reaches a 
height of six hundred feet. 

The volcanic island of Saba (Admiralty Charts Nos. 130, 487, Hydro- 
graphic Chart No. 1002) stands by itself, and to the westward of it 
rises ^within the 100 fathom lino the Saba Bank, on the southern and 
eastern face of which a belt of coral reef is found. 

An elongated bank is formed by the 100 fathom line uniting Nevis, 
St. Kitts, and Knstatins. 

Nevis (Admiralty Chart No. 487, Hydrographic Chart No. 1011) is 
also volcanic, and over thirtv-tive hundred feet above the sea. With St. 
Kitts and St. Eustitius ( Ilydrogniphic Chart No. 1011, Admiralty 
Charts Nos. 487, 2 GOO), it stands upon a bank entirely detached from 
the adjoining islands, separated by channels of more than two hundred 
fathoms in depth. From the south end of the bank a remarkable coral 
ledge about a mile in breadth extends along its southwest edge for a dis- 
tance of five miles, and has from ei<rl)t to ten fathoms on it, with deeper 
water within. Except on the west side, tlio shore is fringeil with a coral 
reef extending three quarters of a mile out to a depth of ten fathoms. 

St. Kitts (Admiralty Chart No. 487) rises to a still greater height, 
viz. over forty-three hundred feet ; a great part of the eastern face of 
the island is flankc<l by a fringing reef. 

Antigua (Hydrographic Chart No. 1004, Admiralty Charts Nos. 917, 
2600)| which rises to a height of thirteen hundred feet, is near the 



152 BULLETIH: MUSEtril or COUPjUtUITE ZOOUKiT. 

■outhera eitremity of a bank fonned by the 100 fitthom line, at the 
uortheaBtern eud of which is placed Barbuda, an ialaod oompoaed (if 
limcatoue, risini; to a height of two hundred feet. The ihom of 
Antigua are det-jOy indented, eapecially the northera and eoateni facea 
of the ialand. It liuii upon the middle of the eaateni edge of the laiue 
bank as llurbudtv, the ^noral depth of which ia from seven to eleven 
fathoms, with a conilline and cond aand bottom. It ia surrounded br 
many aniall iilaiida aud islets, and edged on the east, Kiuth, and north 
sidoi with fringing and barrier reefs, leaving oidjr intricate passages 
leading into the deep sounds of the island. From the ontnmco to North 
Sound tliv (utchea uf reefs and banks eitcnd in an arc to the wcatwanl 
aa fur aa Diamond llank, the moat westerly of these conU rwb. The 
Highlands arv BpjNircntly composed of three termvcs, the highest uf 
which is two hundred feet. 

From the suntheast end ut the eastern shore of llarbuda (llyilnv 
gniphic Chart No. 3i>7, Admiralty Charts Nos. 11)07, 2CciO) a coral 
ledge skirts the shore at a distance of half a mile ; a nvf alsu ciU-nda 
one and a half miles off the north shore, tlio depth Iwing thirty fathoms 
within a mile uf it ; and ret-fs run off the south coast nearly seven mih-a 
in a southwest direction. Itarbuda iscounected with Antigua by a hank 
with seven ti< thirty fathoms of water. 

IWtween Antitnia and (iundelou|>o an isolated liank rises to a depth uf 
forty t hive fHthnniH, ninl a similur bank is found to the southeast of the 
Imnk limited hv the 1<>U futlKim line, of which thu prineiptd summits 
are St. IWthol'iniew (ll'.t:* feet), St. Martin (l.'tttll f.-et). niid Anguilla 
(:!l.1 fivt). with the exception uf Anguitia, tlivy am voK-nnic snm- 
Tliey are surniunded by a nnmlwr of smaller islets of the s 
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Santa Crus, the Virgin Islands, and the Greater Antilles,* 

Santa Cruz is the broad summit of the bauk which extends east of the 
island for a distance of nearly twelve miles, and forms a narrow belt round 
it. With the exception of a small part of the western end of the north 
•hore and of the western side, Santa Cruz is fringed along its whole 
coast with corals, forming either fringing or barrier reefs off the north 
ttde, and a broad belt of fringing and barrier reefs skirting the south 
aide, of the island. Hound the eastern extremity of the bauk to the east 
of the island an extensive reef (Lang Bank) follows the outline of the 
100 fiithom curve. On this we find six to nine fathoms. It extends on 
the south face of the bank from the east end to opposite the eastern 
point of Santa Cruz (Admiralty Charts Nos. 130, 485, and Hydrographio 
Chart No. 1002). 

The Virgin Island Bank, which includes within the 100 fathom line the 
Virgin Islands and Porto Rico, is separated from the banks to the south- 
east of it by a deep canon of over one thousand fathoms, connecting the 
AUantic with the Santa Cruz deep of more than two thousand fathoms, 
separating that island from the Virgin Islands. Porto Rico is the east- 
ernmost of the greater West India Islands, and occupies nearly the whole 
width of the western end of the Virgin Island Bank. 

The Virgin Island Bank (Admiralty Charts Nos. 106, a, b, c, 130, and 
Ilydrographic Charts Nos. 1002, 2008) presents very much the same 
characteristics as the Grenadines Bank. It is the summit of an elongated 
bank seventy-five miles in length, reaching from Porto Rico to Anegada, 
and from twenty-three to thirty miles wide. Some of the larger islands 
which crop out upon the southern edge of the bank, like Crab Island, 
Tortola, Culebra, St. Thomas, and Virgin Gorda, attain a height of more 
than fifteen hundred feet, while there are a great number of smaller 
islands, islets, and rocks barely reaching the surface, all of which are of 
Tolcanic origin, Anegada alone being composed of recent reef limestones. 

The sea face of Anei^^ada (Admiralty Chart No. 130, Ilydrographic 
Charts Nos. 1002, 2008) is fringed with a coral reef extending to a 
depth of about thirteen fathoms. Off the east point the reef spreads out 
upon a broad bank over three miles in width, which also extends along 
the western face of the island and is studded with coral heads. A wide 
band of coral heads extends from East Point, known as the Horseshoe 
Reef, following in a general way the line of the 100 fathom curve. The 

^ The reels of Cuba have already been described in a separate chapter. 
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nvf a broken to furai tlio Nccker Iskud PafHag6, uid opposite Virgiu 
UoixIb n [vun uitrruw bult uf coruU tiiteiidii iicarly tLe Icnf^li of the buik 
oil far lis C'nili IhIiiiiiI, witli from twelve to Buvuiitcuu futhonin of vater, 
furmiiit; a regiibr wall willi a bvlt uf ducpvr water uu the iiwide of from 
twenty to thirty futlioiDB, aud fmtu two to Kvo iniloii wide. 

Nearly all the islaiidti of the Virgin Itank are iikirted un tlivir eanem 
ami tout heni fuuus with jiatclies and strctchoa uf cural hcadit, uftcn furin- 
iii); extfusivo fritigiii;; ruL-fa. Thia is the isuo with Vir>;in flurda, Turtuhi, 
St. Jiiliii, St. Tluiuiius, Culehra, aud the eaMtcm vud of Crah Uhmd. 

The Virgin lalamlM lie on the aouthcni ed)^- of a vaHt hank uf wiiind- 
ingN extfiidiiii; froiti I'urtu Kico, which ritu-H tu a hviglit uf tliirty-HCvou 
hiiiidrL-«] fei't, to the eiutt uf Auegailu, wliieh had uH elevuliun of n»t inure 
than thirty feet. Tlie euntnwt twtwei-n the Boinidinpi off the nurthuud 
the Hunth faeo uf the Iniuk in (|t)ite innrkcd. The mmihcni rd^e of the 
hank Ik nut uiuro than ai-vcn tnilea fnun the eiiyH, while the iinrtheni 
edge eiu-iuU nearly thirty niilvK to the nurth of the inlanda. Thf gen- 
eral depth uf the hank varieH fnmi seven (<> thirty fathunin. Turtola 
riaeM to a height of nearly thirteen hundnil feet, and Virtjin (iunla tu a 
little lean. St.Thuiuas (Adniirally Chartit Noh. IDO, '2\h\ llydrographic 
Oiart N». l<KI-_>) rineit tu a height of over fifteen hi>iiilri'<l fi-et, and ia 
surT'iiimlud hy many Hniall inlandii and cayM frin^'ed with rurala. 

The :i(K) fiiihum line furniH an ehmgated Ixink n>nud Avca <ir llir^l 
Ulatid, whieh in the mnntnit uf a wide fuM at hw than une Ihonuml 
fathi'mn ruiininji nearly north and wuith Ihmi Salm Itank tu Itinl 
Ih1:.».| ni the d>r.vtiun of Vvneziula to al<oul the latitude uf lk-<|uia. 
a Iwy with a niininiuni di'{ith of two Ihuniuind fathuinii ninning Iwtwei-u 
it ani) the \Vni<)wan] l.->lnii>lH to the httilmle uf the tmntheni eitrvniity 
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993) 18 formed of remarkable limestone cliffs from one hundred and fifty 
to two hundred feet high. The projecting parts of the island in the 
Ticinitj of Aquin Bay consist of very remarkable l)old white cliffs and 
hOls resembling chalk, which occur both on the south and on the north 
ooasts. There are coral reefs all along the shores of the island. The 
100 fathom line adds but little to the extent of San Domingo, which is 
■eparated from Porto Rico by a channel, the greatest depth of which is 
only two hundred and sixty fathoms. The area of Jamaica would be 
greatly exteuded on its southern face by the addition of the plateau 
formed by the 100 fathom line. Extensive areas of elevated tertiary 
limestones have been traced along the coasts of Jamaica and of San 
Domingo. 

Between the eastern point of Haiti and Jamaica are the small island 
of Navassa and the Formigas Bank. Navassa (Hydrographic Chart No. 
379, Admiralty Charts Xos. 461, 486) is about three hundred feet high. 
It rises from a small bank of soundings one third to three quarters of 
a mile broad. There is a patch of corals on the north end of the isl- 
and. Formigas Bank ( Ilydrographic Chart No. 373, Admiralty Chart 
No. 486) is eiglit miles in length ; the bottom is rocky, with a general 
depth of from five to seven fathoms. There are narrow veins of sand 
near the edge, in from nine to eighteen fathoms. 

To the southeast of Jamaica are the Morant Cays, a group of small 
cays seven to ten feet high, forming with the adjacent reefs a crescent 
bank convex to the soutlicast of about three by one and a half miles 
wide. These cays rise from an elongated bank about twelve miles by 
four within the 100 fathom line, with depths close to it ranging outside 
of the reef from seven to eighteen fathoms, and tliirty to fffty near the 
edge of the bank. A terrace is said to rise scventy-ffve feet all round 
the island, composed of ringing and honeycombed limestone. The Alba- 
tross Bank lies to the northeast of the Morant Cav», and is a similar 
bank ; it carries, however, from nineteen to thirty fathoms close to the 
100 fathom line, and is marked on the charts as coral sand. 

Fringing and dctiched reefs abound on the south shores of Jamaica. 
They are especially numerous from Morant Point to the west of Kings- 
ton Harbor as far as Portland Point, althougli they extend, irregularly 
distributed in favorable localities, to the western extreniitv of the island 
off* Alligator Point, and from Pedro Bay to St. John's Point (Admiralty 
Chart No. 255, Hydrographic Charts Nos, 347, 373). 
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The Banks of the Caribbean Sea. 

Between Jamaica and Houduru and off tlio Uooqutto Bank riae a 
numtier uf baiikii, llio most easterly of which is the I'edru Itank (Hydro- 
graijljiu Chart No. 373, Admiralty Charts Nos. 400, 486), which riiea 
nliru[)tly Truai dvpthi of three hundred and fifty to live hundred fatfaoma 
It IB irrc^ilar iu iihape, nearly a hundred miles long east and west, quite 
narrow at the canteni cud, nut more than uine miles, while at the western 
end it is tifty-tivu uiilca broad. The surface of the liank is level, ranging 
from nine to fifteen fathoms exce|j[ m-ar the eastern and the suuthoaat- 
eni etige of the bank, where there are many shoals and caj's said to 
coniiiitt of white liiUL'stone. Tho Ivottom on the hank is {■(.■iiendly while 
sand and fraguients of corals, but there are patches of coral heads and 
of corallino algic. I'ortWd Kock is thirty-two fvet hif-h ; Plover Itock 
is two to thn-u f™t hijih. Off the I'edru Cays, alwul twelve feet high, reefs 
extend (nimllel with tho lUU fathom line between the cays- Itanuer Keef 
is just awash. 

Next conies to the westward the Itosniind Itank (llydmgrn]ihic Charts 
NiHL 373, 3'J4). It is |H:nr-shB|>eJ, nearly sixty-three miles limtc. and 
Tungiug in width from fifteen to thirty-live uiilea The only shallow 
KTouud U[H>M it is near the southeast end, where there is a wide coml )>e1l 
nearly three milw wide, and tn'uding in a northeasterly dircctiim fur 
fourteen niilcH, with dejitliH u]ii>n it varying from four to ten fathoms. 
Oil the eiuteni ruce there is aliKi a secimd li'dge iilxiiit thirteen miles 
north of the fimt, eight by four miles, on whieh we find eight futhoms. 
'fliu gftieml d(')>thH im the bank vary liltle fnim ten to twenty fathumi ; 
the Ixiltoiu IN t-Kitrw- eornl, comlline sand, and broken shillH. 
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wliieh 18 the Serranilla Bank. It is somewhat circular in oatline, and 
ftbout twenty-four miles in greatest length. There is a general depth 
of firom five to fifteen fathoms upon it ; the bottom on the bank is coarse 
•onlline and coral sand. The bank is steep^ the slope increasing rapidly 
in depth from twenty to one hundred fathoms and more. On the east 
hee of the bank there are three small cays, from which extensive reefs 
ran along the eastern face more or less parallel with the 100 fathom 
cnrre from Northeast Breaker to Beacon Cay. Farther south, east of 
Um Mosquito coast, are the Serrana and Koncador Banks to the east- 
ward ; half-way between them and the Mosquito Bank comes the line of 
the Quita Sueno Bank, of Old Providence, of St Andrews, and of the 
Courtown and Albuquerque Cays (Admiralty Charts Nos. 379, 1498, 
Hydrographic Charts Nos. 373, 394). 

Both Old Providence (Hydrographic Charts Nos. 395, 1372, Admi- 
ralty Chart No. 1334) and St. Andrews (Hydrographic CharU Nos. 391, 
945, Admiralty Chart No. 1511) resemble in their general features, 
but on a smaller scale, some of the volcauic Windward Islands, upon the 
weather side of whicli coral reefs flourish. The greatest height of the 
▼oloanic peaks of Old Providence is nearly twelve hundred feet; from 
the central peaks spurs run off terminating in shore peaks of from three 
to seven hundre4 feet in height. Besides the main island, there are 
npoD its bank the small island of Santa Catalina and a couple of smaller 
oayt; the bank carries from two to ten fatlioms of water. A barrier 
and fringing reef extends round the island, and a long reef stretches 
oat north. St. Andrews is only three hundred feet high. A few small 
cays are scattered upon its bank ; its northeastern end is flanked by a 
reef. Upon Courtown Bank (Hydrogaphic Charts Nos. 391, 945, Admi- 
rslty Chart No. 1511) a barrier reef extends across it from the northern 
•od to within half a mile of the southern extremity. The northern and 
eastern sides of Albuquerque Cays Bank are skirted by a reef. 

The eastern face of Quita Sueno Bank (Hydrographic Chart Nos. 394, 
945) is flanked by a reef for twenty-five miles, leaving only a small part 
of the bank clear at each end. The north and east edges of Roncador 
Bank (Ilydrogrnpbic Charts Nos. 373, 395, 945, 1374, Admiralty Chart 
No. 1478) are fringed hy a coral reef. The cays upon it are composed 
of broken coral blocks and coral sand. 

The extreme east end of Serrana Bank presents a solid crescent-shaped 
reef. The space within the honis is crowded with detached shoals, with 
from five to ten fathoms alongside. The east face of the bank is abnipt, 
DO bottom at one hundred fathoms one quarter of a mile from the 10 
fathom line; the south edge of the bank is edged by a reef. 
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Miiterioaa Bunk (llydrographic Chart No. 9GG) ia the wcstem extrem- 
ity uf a eiibniunii«3 clmhi flaaking the northern aide of llartlett l>eep 
to the cut of C&\n: Cruz, of which Cayman Brae and Little and Unuid 
Cnynmu arc tlit- Hiitnmits, and to the nurth of irhiuh the iiKilated I'ickle 
Bank riuwi, uikui wliich are from ton to forty fathoms of water, with a 
con) outid UitU'iu. Jiliateriuu ilaiik ta twenty-fuur miles long, oval in 
8lia|ic, aitli ^L-»L-nil doptlia of from ten to twelve fathoms and a coral 
bottom. To tliu aiintli of it are four other small banks with frt>m thir- 
teen to nineteen futhouiB of water. Still farther south are the Swan 
Isluiids, but the liiiiitH of the bank from which they rise hare not I)een 
deteniiineil. The islunilH are sc{>arBtO(l by a coral reef; they are flat, 
aiity feet i» height, and bounded by a bold, rocky shore. The •■■tiiiil- 
in^'s ujKin (be Imnk are from six to thirteen fathiinif, increoiting rapidly 
to forty futhiiniH on the wcstcm aide of tbt- islandii. 

(;mnd CVyman (Ilydmtimpliic CliarU Noa. 43, 373, <J47, Admiralty 
Chart No. 4(12) is alKiiit forty feet hi^h. At ihc miuthweKt end a ret-f 
miis out half a mile. All but the west aide is skirted by a friuKinK or 
barrier reef, which in steep tu for a distance of a i)iiHrtiT of a mile tt> a 
mile. At the east end it forms a suliil liarrier for the distanre of a mile ; 
on the south onle there are wvcrnl small cuts throtit.'li the nvf. At the 
western end there is a Iiir^u circnlitr la|;iion, Cn'at Round, with from one 
t" two fathoms, and h [HUHii^re leHiling through the reef with from two to 
two iind a half fiithnma. Cayman Itank, alvnt ten miles west of Crand 
C'nymnn, in a rii|^'i> of cnral live miles lone and half a mile broad, with a 
depth of from liAeeti to twenty futhoma. The edt;e drojM very nuddenly 
to nion.' than oni' hnnilreil fathoms. 

The hi:;h<-M |H.int of I.ittte Cayman (llydn^Tniibic Chnrt-i N'i<a. 4n, 




AGA88IZ: HAWAifAft, 159 

395y 396) and the adjacent islands there are many points where coral 
neb take a great development. With the exception of the central part 
of the north coast of Tobago, which rises from a bank of about forty 
fiithomSy the island is fringed with disconnected fringing and barrier 
nefsy growing most luxuriantly off the northeast end of the island and 
near the southwest extremity (see Hydrographic Chart No. 354, Admi- 
ralty Chart No. 505). The Tcstigos are surrounded by coral reefs 
on the eastern face of the. bank from which they rise; they are within 
the broad belt of the 100 fathom line, and carry from twenty-three to 
thirty-eight fathoms near them. Detached patches of coral reefs extend 
along the coast from the Gulf of Paria to the Gulf of Cariaco. Mar- 
garita Island is flanked by fringing and barrier reefs on the eastern and 
western coasts, as well as along its whole southern Rhore. The islands 
of Cubagua and Coche, which lie between it and the mainland, are like- 
wise skirted on the eastern faces with reefs. Orchila is low and flat, 
■urrounded by reefs on the eastern face. Los Koques are a group of 
cays rising from a bank of twenty-three miles in length ; the greater part 
of it is covered by coral heads, and its sea face is edged by coral reefa 
The Islas de Aves are banks similar to Los Ttoques. Buen Ayre Island 
is fringed by a reef on the eastern and northwesteni extremities of the 
island. Little Cura^^oa is a coral islet with steep sides. The south side 
of Cura^oa is bordered by a bank of coral reefs. 

From Cape Codera to Cape St. Roman the coast is fringed with long 
stretches of coral reefs, from Codera to Caracas, and on both sides of 
Punta Tucacas, east of Zamuro Point. The whole eastern face of the 
peninsula of Paraguana is fringed by corals. West of the Gulf of Vene- 
snela, with the exception of the fringing reefs along the eastern and 
northern coasts of the CJuajira peninsula, the reefs along the north shore 
of South America as far as the Mulatas archipelago are limited in ex- 
tent, occurring on comparatively short stretchos of shore interrupted by 
long reaches of sand beaches (Hydrogi'ai)hic Chart No. 904). The Mu- 
latas archipelago, a number of islets and islands from two to ten miles 
oflT shore, extends from Pujaros Island to off Point San Bias, a distance 
of eighty miles : they are fringed by reefs rising from seven to ten fath- 
oms of water (Hydrographic Chart Xo. 945). The north shore of the 
coast of Panama and of Costa Rica is, with that exception, free of exte- 
rior reefs. The north side of the interior of Chiricpn Lagoon is thickly 
atadded with detached shoals of corals and coral patches. 
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Th« Coral Baofs and Basks of the Wast Coast of the 

Caribbeao Sea.* 

It is to tie noted that on tho western Florida Bank, u well as on the 
Yucatan Bank, where the conditions of depth would seem to he moat 
Tavoniblo for the (growth of corals, in the one case tho coral reefs are 
limited to a few jsotuted pntches like Arenas Caj^s (Ilydrogniphic Charts 
Koa 403, 1233, Adminilty Charts No. 120'J), Sisnl Itcef (Hj-drographic 
(.'harts NiM. 403, l^S.'V, Admiraltjr Chart No. 130C), Madagascar Iteef 
(llydniifraiiliic Chart No. 1235), the Trian(tlea (ll^dmjrntphic Charts 
Nos. 403, l:>3a), (MiiajKi Uhuals (llydnigTai>hic Charts Noa. 403. 1^39. 
Admiralty Chart Nu. 1830), the Areas Cays (llydn>f;ra]>hic Charts 
Nos. 403. 1234, Admiralty Chart No. 1829), and the Alacran at<dl (Ily- 
drogn>|iliic Charts Nos. 403, 9GG, 1234, 1235, 1240, Admirahy Chart 
No. 120.1) -f while in tho other case they form a narrow thresd parallel 
with the cmirso of the Cinlf Stream outside of the >1i>rida Keys frum 
north of Key Itlscayno to the Turtu^as.* 

Alimtc the west coast of the (iulf of Mexico (see Coast Survey Chart 
of (>i)lf i)f MnicM, ,^^) the corals are wantirKi «ith tho eii-cjition of 
a few iaoiatcil palclics of coral reefs olf Vera Cnit coming up fn>m nil- 
teen fnlhoms of water (Hydrofrraphic Chart No. 9C7, Admiralty Chart 
No. 523), which, although noted in thu Admiralty West Indian Pihit, 

■ Th« rrtU of Cuhs hiT* horn iteicribed in > trpsrale rlisplpr. 

■ Slncv mj expliirxinni i>f ilie ItRlnmM snd llvrniuiliii I sm mnTinenl llial a 
more ili>lailr<) rismiKBiiiin ii nmlinl (n airrriam how far anuth (he olikr miixva* 
rocli" ii( Kliiriila riri'nil, and to nhsi (Irplli they »r* cnTcn-d bj the rccrnt rofsl 

iwthi friini Key llln-aynr lo th* Ti>rtujtii>. An ciplorsiion iif ll>e inner liiw o( 
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had fiuled to come to the notice of scientific men, have been described 
by Professor Hcilprin.^ Is their absence due to the limited amount of 
food brought by the current across the Yucatan Bank, sweeping as it 
does northward towards the Tortugas and washing the shores of the 
Florida Keys 1 The exposure of the coast of British Honduras and of 
tlie Yucatan and Mosquito Banks to the influence of the prevailing 
winds and currents, bringing with them a vast supply of pelagic food, is 
probably the principal cause for the abundant growth of coral reefs in 
all favorable localities on the Yucatan and Mosquito Banks and along 
the British Honduras coast, as well as upon the weather faces of the 
Serrana and Quita Sueno Banks, the Runcador Reef, Old Providence, 
St Andrews, and the Courtown and the Albuquerque Cay& 

The Reefs of the Yuoatcui Bank. 

On the Yucatan Bank (Hydrograpliic Charts Nos. 1234, 1 235), with the 
•iception of the Alacran atoll, tlie reefs are merely more or less irregu- 
larly shaped patches, either surrounding the cays wholly, or reaching 
ont from them, and rising generally from the 3 to 5 fathom line of the 
bank itself, This is the case with the Areas Cays and the Triangles 
(Hydrographio Chart No. 1239). The Obispo Shoals (Hydrographio 
Charts Nos. 403, 1239, Admiralty Chart No. 1830) and the Sisal Reeih 
are small irregular patches rising from the 5 or 6 fathom line, while 
Madagascar Reef is a narrow coral ridge about two miles long, rising 
from the 7 to 1 1 fathom line with from one and a half to three fathoms 
of water upon it. On the extension of the Yucatan Bank plateau to the 
westward there are also a few patches of reefs off the Barra de Tuzpan 
and scattered patches off Champoton, but neither these nor the reefs off 
Vera Cruz, along the inshore edge of the narrow shore platform of the 
west coast of the Gulf of Mexico, can be considered as reefs of any im- 
portance. And indeed they are so unimportant that it was not unnat- 
ural for Darwin and Dana to speak of the Mexican coast of the Gulf of 
Mexico as free from coral reefs. 

Along the Yucatan coast to the south of Cape Catoche, Mugeres Har- 
bor (Hydrographic Charts Nos. 402, 1379) is formed by the extension 
northward of the two fringing reefs which run along the east and west 
fiice of the island and pass into the shifting ledges forming the Blancas 
Lagoon. Corals are reported upon Arrowsmith Bank in twelve fathoms. 

Cosumel (Hydrographic Charts Nos. 402, 1380) is flat, not more 

> Proc. Phil. Acad. Nat. Sci., 1890, p. 803. 
VOL. xxn. — HO. 1. 11 
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than forty to fifty feet in height It it maAy, with rock; ledges upa- 
ratiug the beaches. It is wparated fVom tlie maiuUnd by deep Btrmita. 
From the northeru eud of the island a sand bank exteuda elcvcu ntilea. 
The west aide liaa deep water close to the aliorc. 

Eapiritu Suoto and Ascension Baja ( llydrographic Charts Not. 402, 
1380, Admiralty Cliart No. 1705) are both protected by narrow rci-f* 
extending across the moutli uf tUe hRrUirs. These rocfa rise from a 
depth of from four to six fathoms. 

The Reefs and Banks of British Honduras. 

The extensive barrier rccf ninniiig akuig the edge of the Ilmulnnu 
Bank reaches from Ambvri^iB Cay to the soutlieni part of the lliilf of 
Honduras, ami foniis a broad stretch of reef building piitclios scjuimteil 
from the coast by a wide channel parnllcl willi it and carryin)* from (en 
to Iwi-nty fathunis. It reaenililcH, on a much smnlter scale, the i.Teat 
Austniliaii Imrrior reef. The Itoudnnis Heef rises in frc<Tn six ti> seven 
fathoiMH, and the di']itli i^iliially iucn-ascs as we ^.t westward tosards 
the deeper [larts uf tlie chuiiiict which funti the inland sea so|>nrate<l from 
the Cnribltean by the wide Ixirrier n-ef eomiKweil of nimierons iletni-heil 
pntchfs anil cays. The reef varies in wiillh fmm one nr one ami a half 
miles at the annthem end to siitecn and even twenty miles in the latitmle 
of (llitildi'n Spit, where the chamiel is dividcil by an irrc(,nil»r ori-a of 
banks, cays, and iiatehea of cciral heads, with many narrow but dee]i veins 
of water briwi-en them. These iMnka are ofteii awash, or rise fnim six 
to seven rntbimiH, nnd carry fmm one and a half to three fatbonis. One 
uf the channels ti'nilint; across the bnnk, the FJifflish Cny t'hnnnci, carries 
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to prove that they have formed the land intervening between the exist- 
ing lines of reefs. The bank limited by the 100 fathom line off British 
Honduras is narrow compared to the wide bank off the Mosquito coast, 
the width of which at its northern extremity seems to a certain extent 
to influence the growth of coral reefs and patches, for they are by no 
means so flourishing as upon the narrow bank off the Honduras coast. 

In addition to the barrier reef off British Honduras there are a num- 
ber of outlying banks which from their description resemble the smaller 
of the Bahama Banks. They are the Chiuchorro Bank, the Tumeffe 
Islands, and Lighthouse and Glover Reefs, which in a certain degree 
resemble irregular atolls. They all lie within the 500 fathom line. The 
greater part of Chinchorro Bank (Hydrographic Charts Nos. 394, 1072, 
Admiralty Chart No. 179G) is bounded by a reef. There are several 
openings into the interior which are navigable for small fishing vessels. 
Lighthouse Reef (Hydrographic Charts Nos. 394, 1120) is bounded by 
an edging reef; the north end fonns a half-moon curve about four miles 
in diameter ; the east side of the reef is steep to. The Tumeffe Islands 
(Hydrographic Charts Nos. 394, 399, 1 1 20) are an extensive cluster of 
mangrove islands on a bank of coral and sand thirty miles long and from 
four to nine wide. The cays are all skirted, at a short distance from both 
the east and west sides, by a barrier reef with an inside channel having 
over two fathoms. Glover Reef (Hydrographic Charts Nos. 394, 1120), 
with the exception of a small part of the east side, is fringed by a barrier 
ree£ 

The Mosquito Bank. 

Upon the Mosquito Bank (Hydrographic Charts Nos. 394, 945), as 
upon the Yucatan and Honduras Banks, there are patches and reefs 
rising upon the surface, not entirely covering it, but scattered, as we 
find the Areas, Triangles, Madagascar, Alacran, and other small reefs. 
They are more numerous upon the Honduras Bank, and get the full 
benefit of the prevailing winds, and of the sweep of the currents against 
their sides and over their surface. 

There are a great number of irroirnlar patches of coral reefs from 
Monkey Point north of the Blnefield Lagoon (Hydrographic Charts Nos. 
391, 1292, Admiralty Chart No. 1504), within four or five miles from 
the coast. From Pearl Cav Lagoon to Man-of-Wnr Cav there are a 
number of small irregularly shaped hanks rising from a depth of eight 
to ten fathoms, the largest of which are the reef patches of the Pearl 
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Ctyn an<l of T}*ra Bank. Tlio distance of tbeao reefa from tb« ahora 
variea frum ouo to fiftvcn niiloa. 

The Hiuull banks from whiub tlie Pearl Ca^s (Ilydropspliic (.'hart 
No, 'i'.>'2, Admiratty C'liart No. 1503) riua, which thMDHohea riaa rrom 
thu MuM|iiitu Dank nt (lq>thB varyiuj; from eight to twelve futhoma, are 
friiigt'J Hiid covered by irregularly ahapeil reef [mtchcs, ^iicnklly placed 
ou the eaitteni aud iiurthcrn Hides of the bauka adjoining the cava or 
cuiinci'tii)^' them. Long ll<-ef Ilaiik has a coutiniious rcof on ita eautern 
edge rimnn from a dt|ilh of three to four futhoma. 

tireat Com Inland (ilydrogruphie Chart No. 3'J2, Admiralty Chart No. 
147«), t «euty-iiiiie miles east of the Bhiefidd liiver, rises to a height 
of three hundred aud seventy feet. It in jiruliably of volcanic origin. The 
nurthuni and nurtheasten) shores of the ishiud are protected hy ati elli[k 
tieal cond reef funning a great cnr^o at a dislanco <if alioiit a mile from 
the nliorv, with numerous heiuls ami jiitchca between the mtter reef and the 
ahiire. OH' the ixland the Intnk has a duiith of from thirti-cn to twenty 
fathoms, the n-ef rising from u depth of four to sii fathoms. OR Little 
Corn Island there is n siniilar reef, nlxmt a quarter to half a mile frum 
thu shore, with two to three fathoms ujxin it, which skirta the eastern 
and northern face of the island, threat Com an<l Little Com Inlands are 
acvonli-en or eighteen inilea fn>m the KH) fathom line, the bank ido|>ing 
•eawnnl very gradually from twenty or thirty fathoms. 

r|H>n thu euHlem half of the Minujuito Itank, U-tween the (?um Isl- 
ands and tlie .-luster of reefa and iNinks to the Konth of l':<linburgh EU-ef. 
then- are a few is.ilati'd |>atehcs of coral in from six to ten futhoma 
The M'Miuito Shoals and the .Miirrison Cay Ilaiik arv the centre of an 
ext.-n-.ive an-a of r.K-ky hea.ls nn.l of oral [Mitehes south of Fdinb.irgh 
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aidered as the remnant of the former extension of the north coast of 
Honduras : it is remarkably clear of coral patches. With the exception 
oi a narrow ridge rising to a height of two hundred and ninety feet at 
the eastward, the greater part of the island is low and swampy. To the 
northeast of Utilla are the islands of Koatan and Bonacca, both within 
the 500 fathom line. Bouacca (Hydrographic Chart No. 396, Admi- 
ralty Chart No. 1718) reaches to a height of over twelve hundred feet: 
it rises from the 5 fathom line upon the eastern end of an elongated 
bank formed by the 100 fatiiom line. It is surrounded by clusters 
of coral bars and cays, which are most abundant on the southeast 
ftoe of the island. Koatan (Hydrographic Ciiart No. 394) has an average 
height of three to live hundred feet : its highest point is nearly eight 
hundred feet. Its nortliern shore aud that of the eastern islets are all 
akirted by coral reefs, which sweep round the eastern face of the Roatan 
Bank and extend in irregular stretches along the southeast coast, where 
the shore is steep to and the reef disappears, the 100 fathom line running 
dose to the western spit of the island. 

The northern part of thd Mosquito Bank (the 100 fathom line), which 
extends nearly one hundred and forty miles to the east of Cape Graoiaa 
a Dios, is remarkably free from coral patches and banks. North of Half- 
Moon Reef there are only insignificant clusters of coral reefs and barSi 
forming the Caxones and Vivorilla Ciiys, to the eastward of which there 
are a small reef and some insignificant cays designated as the Gorda 
Bank. 

The submarine scenery of some parts of the West Indies must be most 
striking. We have first the long line of steep eastern slopes of the Ba- 
hamas, with the valleys separating them, which rise abruptly from a great 
aubmarine plain, extending far to the eastward and constituting the floor 
of the ocean, from a depth of twenty-five hundred fathoms. This plain 
extends all the way from the Little Rahama Bank to Navidad,a distance 
of over seven hundred miles. Then follows the long, unbroken submarine 
slope extending off Porto Rico to the eastward of the Anegada Channel 
for a distance of over four hundred miles, with the remarkable sink of 
more than forty-five hundred fathoms in depth north of Porto llioo, one 
of the greatest depths as yet discovered in any ocean. Then the valley, 
over twelve thoussind feet deep, which extends south of the smaller east- 
em Bahama banks, gradually lessening in depth toward the Old Bahama 
Channel and flanked on the southern face bv the mountains of San 
Domingo. And finally, pcrha()s the most striking topographic feature 
of the West Indian area, the deep valley skirting the southern shore of 
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Cub« «ad eztoudiog castwiird as br aa Miaterioaa Dtmk aud into the 
Uulf of Hciuduraa. Tbiu valley reachim to Sjvan lalaod ; it ih fliuikuJ i.ii 
tliu Kiutli hy tilt! gentler alui>u uf tlio eaHtcni eud of JaiuaiL-a, and the 
atct-per liuca uf tlic wc-stera end of that ialaud ; on the uurtliL-ni t-dgu rioL- 
tliu liii;li iiiouutiiiua uf tliv Huiitliuni uoaat of Cuba, hoiiio of thu pvuka of 
whicli uttuiu a buiglit uf ovvr uiglit tbuusaud fovt. Thin nui;;e i» cuii- 
tiuuod to tltu wtintward of Cujii; L'niE, aud its aummita are the ('arnmiia 
aud the iiliuuU uf MiHturiuou Buult. This valley ia kiiuwti na [>aTllL'tt'B 
Dee]) : it in iu iiiaity jtlaeea itiuru than three thouaand fatbuma in depth. 
The fuldo, ialaiida, and liuiika which give tbo liydrugmphy uf the uortli- 
t-ru, western, iiud euateni liuuudarii-a uf tbo Caribbean «o varied an a[i- 
jtcaraiieu uro iu atrikiug coutnul to the great ava-Hiinkon plaini whith 
ft>nu the luuiu of titv Curibltcuu and of the Uulf uf Meiieo. 

The atecp alojMia off the aoiitheni coaat uf CiiIhi due tu the elevaticiu 
of that [Mirt uf tbu ialaiid, an well aa the slo{>eB ofT tbe iiortbeni and tmutli- 
weateni Hliurea uf Sun ])uiuiup>, are fnlly aa ateeji aa any uf tbe m'ii fai-ea 
uf the Ilihaiun banks. If in the one uaiu.', where the corul liiiieatunca 
are of limited extent, no tinil no dilticulty iu interpreting the origin of 
this ab'pe, we abuuld not iu the other, where tbo rief limeittiiueM merely 
fomi a eappiii;; to aubuiarine foldn whicli owe their urigiu tu the aauie 
cauavH, atteuipt tu explaiu ita exiiiteuee in any utlter umitiier. 



THE BOTTOM AND ROCKS ON THE BAHAMA BANKS 
The Bottom. 
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of the Bhore sand kept in more or less constant motion, the grains of 
nolian sand become mixed with fragments of corallines, or of Inverte- 
brates which have lived upon its surface, and where corallines occur in 
great abundance the flat fragments of their stems often constitute the 
greater mass of the bottom samples. In the vicinity of coral heads the 
bottom is composed of seolian sand of diflerent degrees of coarseneaiy 
more or less mixed with comminuted fragments of Gorgonians, of Mille- 
pores, and of other corals. On such parts of the banks there also occur 
a very considerable number of Orbitolites and other Foraminifera.. Of 
course, in the proximity of the edging reefs and along their faces frag> 
ments of corals, of corallines, of NuUiporcs, of alga3, and of Invertebrates 
are an important component of the bottom, the pieces of coral and of 
coralhnes often constituting by far the greater mass of the sand. 

The beaches are, according to their locality, composed either of very 
fine coral sand, or of coarser coral sand mixed with corallines and seolian 
saiid, or of large pieces of corals and of other Invertebrates which become 
cemented together to form a breccia or a conglomerate, so that we may 
have bottoms composed of particles varying from an impalpable powder 
to coarse fragments, the components of which can readily be recognized. 
When a considerable amount of vegetable matter has become mixed with 
the leolian or coralline sand, the bottom becomes more or less sticky and 
marMike, and assumes a grayish color. This is the character of a great 
part of the bottom on tlie interior of the Little Bahama Bank ; while on 
the eastern shank of the Great Bahama Bank, and on the smaller banks 
extending to the eastward of it, the bottom varies greatly according to 
the local conditions ; on the western shank of the Great Bahama Hank a 
large area off the west coast of Andros is covered with the *' white marl " 
already described. 

The principal coralline algco are species of Penicillus, Acetabularia, 
Halimeda, and Udotca, fragments of which can readily be recognized as 
components of the bottom specimens wherever they grow in numbers. 
The decaying of other algae which compose the flora of the bottom merely 
adds more or less vegetable matter to its calcareous components ; the 
most abundant of these algic are species of Thalossia, of Padina, Can- 

the Gulf of Mexico and the Caribbean Sea, and which also extends over the bottom 
of the wider patsaf^cs l^etween the Bahamas. The so called coral ooze it in reality a 
calcareoQS mud formed of decomposed corals and corallines, consisting sometimes of 
very fine particles, which often accumulate alonj; the shore line In sheltered localities, 
or arc carried to considerable distance when held in suspension in the water along 
the line of currents. 
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lerpa, L&urencia, Blodgettin, Liguria, aud Sargauum. Profeuor Farlow, 
wlio eXBiuiDed the alga: cuUccted, notea aa au intereatiDg acquiaitiou from 
the Ilahamaa Bpocimeim of Caulerpa Webbiana, tbui Iw koown ootjr from 
the Canaries. 

Dr. T. \V. Uichiirda was kind enough to have some analyses made of 
battom specimetis selected with regard to their locality on the banks - 
one apMiuicu off the west shore of Klouthen front two hthunis of water 
to n'i>rcsent the bottom on the interior etl^ of the bank ; one on the 
middle of Salt Cay Bank, half-way liotwcen tUbow Cay and Anguila from 
three fathoms, and one from Kiuma Harbor in two fstlionis, to represcot 
the bottom on the outer weather edge of the haitk ; one s|)cciiaen from 
Bernini, in two fathoms of water, to n-'iircscnt the iMttom on the lee 
side ; and a sample of the white marl otf IJilly Island, iu one aud a half 
fatboms. 

llie analyses, madu by Mr. Donald Chitrchill, show a variation of the 
percentage of CaO l>etwcou 32.31) and S3.43, with the exception of thi- 
sample fmin the west cuost of Kleuthora, it) which ttio iicnTntntic is only 
45.1I-1. This iKittom specimen was <.'oni|H»cd in great part of rragiiients 
of Orhitiilites, with cam|>Kratively little n'olian sand, wbile the other sam- 
ples vsriott fruni the im|iul[)able [Hiwiler of which the white marl is com- 
posed to finer anil Conner u-<ilinii sand, and to a bottom consisting of 
fmKincnts of bnken shells of NiilIi[)orvN, corallines, Uilli-pores, corals, 
Uor^onians, and coarse iiiilian sand. 

The i-ent'iilacc of CiiO (uveroffe of two analyses) in the sjiccimens 
of lH>l(om fr>im otf the west side of Ktenthera, in two fnlh«ms, is i:>.y^ ; 
from the imter eilp.> of the Unk, Kxnmn Ilnrbor, in two fnibonis, A3.38 ; 
from the western e<lce «f the hank. North llcmini, in two fathoms. 
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The amount of CaO in sea water from the Bahamas appears to be quite 
constant, as far as shown by the analyses kindly made for me by Dr. 
Richards. Water taken from the Tongue of the Ocean, No. 1, or from 
the central part of the Great Bahama Bank half-way between Green Cay 
and Exuma Sound, No. 2, or close to Exuma Sound on the eastern edge 
of the bank from the west side of Elamingo Cay, No. 3, or near the 
western edge of the bank south of New Providence, No. 4, showed only 
slight variations in tlie composition of the sea water. The mean of two 
measurements of 1,000 c.c. of sea water at 4° were as follows : No. 1 
contained 0.585 gram CaO; No. 2, 0.585 giam ; No. 3, 0.580 gram; 
No. 4, 0.588 gram. 

The percentage of carbonate of lime present in the bottoms surround- 
ing coral reefs .depends in part upon the presence of magnesia or upon 
the admixture of decomposed vegetable or animal matter, and in part 
upon the amount of moisture. In districts where the coral reefs occur 
on shores consisting of stratified or volcanic rocks, the coral sand is also 
more or less mixed with particles derived from the rocks composing the 
basement or abutments of the reefs. In volcanic regions the limestones 
are often greatly modified, either by heat or by their mixture with vol- 
canic ash. The same action was also ellective in modifving the reef 
limestones of the dolomitic rei^ion of Tvrol. We also find in volcanic 
.regions a proportionally larger percentage of magnesia. 

A number of specimens of coral, of coral rock, and of coral beach sand, 
from dirterent localities, have been kindlv analvzed for me bv Prof. F. W. 
Clark. The greatest variations in the percentage of carbonate of lime 
are found in the specimens from the volcanic region of the Sandwich 
Islands, and in the deposits of Sombrero (West Indies). The coralline 
bottoms and coral sands from the Sandwich Islands also contained a 
larger percentagi* of MgO than any similar bottoms from the Florida 
Reefs or B.ihama Biuiks. The elevated limestones of Cuba from the 
Yunque are not dolomitic, and show no trace of magnesia. In the coral 
sand mixed with volcanic ash the amount of magnesia in one cjise rose 
to over eleven per cent. 

Piece of Siderastrea 

Very coarse sand, coral fra<j:nKnts. Tortiigas 

Finer sand, 

Tortui^as, fairly coarse sand 

'* finer sand 

Key West, very fine beach coral sand 
Loggerhead Key (stratified shore coral rock) 
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Salt Key Bank, uuliie 08.61 

Uomlmro dcpoiiti (P|0| 39.13) 61.1& 

Coralline Ilatlom, TurtugM 40.46 

Senole llniMtonc aett Meriila M.t)7 

Diimond lleid, Sanilwicb Itlandi, coral rock 44.S2 

Kohuku Bluff, " « .. - 61 09 

Kohuka Ihrnuh, " Mad 4(1.34 

Honolulu Itei-r, coral rork 46.63 

PrlioD Knob, Honolulu (etcrkieil ooral) 6S.0T 

WRianca (hard rin|cing liniettuDC) 60.Ce 
MutU-ro vlialk. Oahu i 

(Si(>,3326,AI,0, 10.18. FcAlO-'M 1 ""^' 

L«tA Mil brddcd with coral noar IVarl Kitct i . „ 

(SiOj 4032. Al,<», 111.10. Fe^, 12.M) 1 

SuDB (Tom Hiamond Head t 12.20 

(SiU: Sita, AL/>i 12.12, F*,0. 11.62) I 



43.40 
43.1)0 
40.81 
43.M1 
44.33 
40.60 
42.H1 
43.06 



0.00 2.24 10 ai 
11.41 11.70 6.30 



Tha Rooks of the Bahamas. 

The chnractcriatiua of ttii.' wuliaii rockn of thu Iluhatnaa have h«CD noted 
in t)iu <lcHcrij>tiuii of tta- different inlunds of tlio groii|i. 1'licv vary fruin a 
tiiit.'*),'miuLil <;iini]iUL-l uolitc to a (.-oAntc-gniincd ntck cuiii]K'iu.-d eitlier of 
rviiridt-d nr of small angiilur fraciiiviitH, accunliii); to the condition of tho 
fnif^iifiita of the Huml frum whidi thu a-olinii hillH were ciim]HiM.>d. Thew 
riMkH vary uc<-i>nliiit: to tliu cundiliimH t» which they have tieen Miitijeclcd, 
uiid wtiicU (iflen (freally uller their iui[«ut. They hecoiiie more or \e*M 
har>leite<l nr covenil with ii hard riiiginii; erinil when ei[io»cd t" the aetion 
t>r thu Hca or of tliv niiiiH, or to the deeuinjMiHiiit; cfli-etit of the aenU ),i-ii- 
erutei] hy llie di-i'<ini[>(iHiti»u of ve^etahle nintter. SiitKeii'iit time hai not 




AGASSIZ: BAHAMAS. 171 

wiu's Coral Reefs, edited by Professor Bonney ; ^ in the interesting review 
by Diinii of the whole subject in the American Journal of Science (1885, 
Vol. XXX. pp. 89, 1<)9) and in the new edition of Dunn's Conils iind Coral 
Islands (Now York, 18U0), with the Appendix on the Sandwich Islands ;^ 
and in the essav bv Dr. Lan<'enbeck' on the Theories of the Orii'in of 
Conil Islands and Coral IJeefs. 

In this chapter I shall brin*^ together and discuss only such questions 
as have naturallv been suLrtrested bv niv ex])lorations of the Bahamas, 
the Fl(»rida Keefs, the Cuban elevated reefs, and the reefs of the Wind- 
ward Inlands. Minor points will be found referred to in other places of 
this rej>ort, and in the articles of the Duke of Argyll and of Professor 
Huxlev, as well as in the more recent communications in *' Nature" and 
elsewhere by Murrav, J. C. and (J. C. Ross, Irvine, Harrison and Browne. 
Bourne, (luppy, llickson, Captain Wharton, Studer, Ortmann, T)all, Bal- 
four, II. 0. Furbes, Supan, Perrier, Ileilprin, Captain Muore, Shiiter, 
Walther, Lendenfeld. Kent,* and many others, as well as the Presidential 
Addresses of Sir Archibald Geikie and of Professor James Geikie at Edin- 
burgh in 1883 and 18'J2. 

While it is undoubtcdlv true, as Professor Bonnev states, that manv 
of Darwin's critics may have perused his book with overmuch haste, yet 
he must admit that when explorers examined the coral reefs of districts 
which apparently had nothing in conmion with coral reefs formed in 
areas of subsidence, it was most natural that thev should seek some other 

* The Structure and Distribution of Coral Reefs, by Clnirlcs Darwin. Tliird 
Edition. Witli an Ap[)i'nilix by Prof. T. (J. Bonmy. Lomlon, ISJ^O. 

2 See also A. At:a«*>iz. Hull. Mus. Conip. Zo^.l., Vol. XVII. No. 3, p. 121, 1889, 
"The Ct)ral Keefs of tlio Hawaian Islands." 

* Die Theorien iiher die Kntsfeluina: der Koralleninseln und Korallcnriffe und 
ihre Bedeutunj; fur (Jeophysisilicn Krai^en. Von Dr. K. LaimenlK-ek. Leipzit', ISDO. 

* Kent, in liis Monoi;rapli of the (Jreat Harrier Keef of Australia, has a<lded com- 
parativi-ly little to our knowK'dge of the tlu-ory of it.- forinatinn " He looks for the 
oonditions of suhsidence which have made the formation of the Creat Harrier TJeef 
possible in the former undouhtetl connection of Australia with Tasmania and New 
Guinea; and if that is not satisfactory, he is quite ready to call upon a still greater 
•ubiidence of the Australian continent as shown hy its pre«;ntned connection witfi 
New Zealand. If, as is prohahle, and as Mr. Kriit >u;j.:«'>ts. the (ireat Harrier Heef 
existed as a narrow frinLiinp reef in the late Terti iry, thert" lia>i elapsed more than 
ample time also for its t^an^formation into the (Jrrat Harrier b'eef of to-tlay from 
Other cause"* than tho<e calietl upon hv hinh The Cirrat l^irrier IJeef has entirely 
obhterated the Australian coa«it ."l.elt" itself, and it may ' a\e found upon that .all the 
condition-* of depth for the vi<jorous growth, l)oth vertically and laterally, of the 
original insignificant fringing reef of the north«»astern coast of Australia." — Nation, 
No. 1463, July. Ib'Xj. 
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expUaatioD or their fonnation than that luggest^d by Danrin, and thua 
call upon factora which he had relegated to a aubordinats tbIuo. The 
want of uiiauimity among the oiipououta of the DarwiiiiaD thcorj- of the 
furniatiou of cniul rucfs lias, it aeeoiB to mo, Dothinj; to do with the quea> 
tioB whether Darwiii is right or not. It merely ihowa that thcra are 
many jfciribi of ditt'oreuco which are more or lew apparent in the viiHouh 
diittriclB exuniined by recent writer« on coral roefa, and that perhuj« thi' 
problem of their formation is not quite lo aimpte aa the upholderm ol the 
Bubaidence the^iry would Iibto iia believe. 

The diaadTuutages of a diacnuion of the theory of the formation ot 
Gor»l rcefa by one who has not faced tho problem in the Geld are appar- 
ent in the caoay of Dr. K. Langenleck. It uniloubte<lty is a moat uaeful 
iumniary, and, while tho writer has endeavored to retain an ini[iartial 
attitude, hiB vicwa nutnrully do not carry much weight, ImikhI as they 
ore only u|Kin eartogmphic knowledge, and conaiating in grunt jiort of 
B]ievial pleading in fiivor 'if the theory of aulwiduuce. Ilia ■■swiy dot-s 
not aecm tu nie to have the iMi[iortauco asiigned to it by llnilcy i» his 
diHcuasion of the article on " A (-'oimiiimcy of .Siluiict'," • by the Duke o( 
Argyll. This and Himihir eniMyi) can give us only intcrenting iii>eculations, 
of littli' value cic<>|it when tented by olMiervntiona. 

I)r. Ijtngenlwck hns liecn unfortunate in the cx|ioHition which he given 
of the Florida and Went India m-fn. Ilia doscription of the reefs of ( -|iU 
■ml of the Baliiiniiu differs greatly from that given by the writen fnim 
whom he hufl tiiken hta <latH. Itut he ib the lint writer oti the theory cT 
Tvefs who, while of the opiiii<m that the theory of liarwiii is the only une 
which can exphiin tho fonnation of atolls in the exlenHive tnicta *•( tlic 
I'iK-itic whire hIoUh nrc mi nunieroiia, vet acknoa hil^'cs that Ihei 
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problem is a complicated one, and that we have not heard the last word 
on the subject. As far as the formation of many of the Pacific atolls is 
ooDcemed, either they have been formed by subsidence, and owe their 
origin to causes different from those which in the West Indian and 
other districts have formed atolls upon comparatively shallow bases, or 
they have been fonned by the same causes to which the latter owe their 
shape independently of subsidence, or we may further assume that atolls 
can be formed in regions of subsidence independently of the subsidence^ 
as well as in regions where no subsidence has been observed. 

Darwin, and after him Langcnbeck, as well as other writers on the West 
Indian coral reefs, speak of the *' extensive banks of sediment which have 
been heaped up along the whole north coast of Cuba by sea currents." I 
find it difficult to account for the origin of such a belief. That a great part 
of the food supply of the animals living upon the banks has been brought 
to them by sea currents is self-evident, but the mass of sediment so con- 
veyed is insignificant as compared with the accretions to the banks due 
to the accumulation and cementing of the carcasses of the Invertebrates 
living upon them. There is, it is tnic, a long stretch of sand reefs and 
islands all the way north from Key Biscayne to beyond Cape HatteraSf 
but these have nothing in common with the limestone barriers forming 
the basement of the Florida, Cuban, and other West Indian (Mexican 
and Caribbean) coral reefs. 

I am surprised that Professors Dana and Bonney should both speak 
so strongly against the statement of Murray^ that there are known 
numerous submarine elevations, mountains rising from the general level 
of the ocean bed, which may sen'c as the foundation of a coral reef. 
Surely, we know as yet too little of the hydrography of the Pacific to 
sweep away the statement with the suggestion ** that such a thing may 
occasionally occur." 

Professor Dana, who has made such a thorough examination of the 
Feejee Islands, considers the conditions of the coral reefs of the islands 
of the group as admirably illustrating Darwin's thoor}' of the formation 
of barrier reefs and of atolls. In spite of the general as])ect of a sunken 
continent made by the Feejee Archipelago, it is no proof that the reefs 
owe their present condition to subsidence. It seems to me that the illus- 
trations he brings up merely emphasize the great diversity of substruo* 
tare of banks and islets and of large islands in the Feejee Islands 
upon which fringing, barrier reefs or atolls might be found ; just as 
in the Windward Islands and the Virgin Island Bank we find all pos- 
sible conditions of elevation, from islets at the sea level, or sunken banks^ 
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to islands with penka of over four thoiiund Teet, at the base of nod 
around whiuli lurrier aud fringiug reefa may be formed, or crescent and 
horst-sliDC-iihajM.'d rcofs might grow. 

The somewhat iiiBi(^iificaDt coral reefs of the Eastern Pacific, as far as 
knowu, 04;cur upon viilcnuic iiilandii. Those of the SacdwiL-h iHlundH and 
(he UDimportant coral [lat^'hcs of the Gala[)agos grow upon a biuement iif 
Tolcauiu ori);iM, whilt: the onl; atoll of the l-juteru Pacific — Clipjwrtoii 
Itock, olT thu Mexican coast — holds to its tracliytic nucleus much the 
same rclatinu wliiuli some of the reefs of the CariblieaQ hold to the vol- 
canic jwak tlii'y surround.' 

t Tlie abirnce iit cxtrniiTe cronl nefi nit th« weal coait ot Trnpiral Amrrli's 
i« pnitwlily iluv In wvenl i-bi»c>, Ihe mml IniportMnt of which ii rrirarila lli« main 
liDil ii llitf Uriiv aniuuiit of tnud brouiiht iJawn the iliiiiv muiinlain ilnpit ilurinii 
tlie rainy •«ih>ti. Similar cuniliiiontexiitilonfrllioliiirf* of t)w (iaiiitiitaa. «lirn- 
cnnlt an: furnivd merely in jHiti'liea, ai iIiiiik ilie ciiatt of the maitilani), in ailtlition 
to whatpTer iufliirnoiii ilelriiiu'tital to their itrowili may he due to volnnk artiim 
ISev Dana. Corali anil Coral Iilandi; I'uurialti. Am. Jiiurn. Svl, 1H7&. Vu) X 
p. W2; anil A. AmMiz. BulL Mm. Cnmp. Z.»,\.. Vol XXill. No. 1, iKKL) 

It i> inlvri'itinii 10 aiM lirre tonte nnlci rclatinfc to riipjierlnn Kuck. which prore 
the eilftemi' u( an aloll un the iHinIrr* of tlie ranamie reKin". WTen liumlnil mili-a 
■oulhire*! of Arapuleo. I am Inilclileil lo IVuteHor Ueorjp' l>iTt<l>iiii ot the I' S 
Co**! Surrey for a *keirli ot riipperion Uhnd by Carl C. Jcnien. made in IM1:;. a. 
•rll a* fur a utm'inien of (he nivky nucleiw. llie latier Mai examinvil by i'mfe* 
HIT J. Kliot Wolff, who reiHirlt it to be " a volcanic rock wiih lyjiii-al irachjtic •true- 
Inn-, of tlie tame tteneral clau a* the mck from the lio«pital quarry at I'anama " 

The ilru'ripii'in •trawn up fniin Ihi' noie* anil chart he kinilly M-nt tnr aiiree* in 
the miiiii with Ih.. oiie iiiv.'n by I.ixiilenanr CHownld.Mnd piil.l»hr<l l.y W. H. E'l-aw 
In Ihe I'nmvdiiiiK of (lie rahfoniia Acaileniy of Natural Siieiu'i* [INVi, p. lUH). 

t'lippt-rtoii ItiH'k «at teen fnm Ihe norlheatt by Hir KilwanI Oelclier In iKtP. 
and di'M-rilieil by him aa a comt laannn iaiand wilh two i-nlranrea, both on (he 
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In the West Indies, beginning with the Bermudas, is the mass upon 
which the so called atoll has been formed, — an island rising out of a 
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CLIPPEBTON ISLAND. 

water. Best boat landing on the north side of the island. On the chart " Deep 
water** is marked in the atoll to the westward of the trachytic rock near the south- 
am face of the island. " Great coral ridges alternating with deep water *' it the 
legend of the central part of the lagoon. A few insignificant islets are mapped in 
tlie lagoon near its northwest face. The atoll is pear shaped, its axis running south- 
east to northwest ; its greatest breadth is over one and a half miles, and its length 
more than two. 

On Mr Jensen's chart the island is represented as a narrow ring of coral rock 
aarrounding the lagoon. This dry belt is nowhere more tlinn seven hundred feet 
wide, except to the southwest of the trachytic rock, where there is a short spit ex- 
tending into the lagoon, the point of which is perhaps fifteen hundred feet from the 
oater edge of the island. At several points the coral rock belt is not more than two 
hundred feet wide, and along the greater {uirt uf the southwcHt coast it Taries be- 
tween four and flTe hundred feet in width. A similar narrow stretch of perhapa 
three quarters of a mile extends along the north side. This connects the two 
broader shore tracts of the eastern and northwestern parts of the Island. 
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depth of two thousand fiithomi. Has that atoll been fonncd hj ita lub- 
aidenoet If bo, wo aliould have a great oceauic depreaaiou io the viciaity 
of tliu lienimdas. Wo know nothiug of the lijdrugraphj which doca nut 
indicate thnt the maHB under] yiii)^ the coral reefs riseij abruptly from the 
ocean tloor ; ns to what lieight it originally rose, wo have no data. 

>IxHininu next the suliinnrine range of the Wiudward iHlnniU, with its 
varied (Ie[illiii, of which the tslands beginning at the (!renft>lii)CM and 
ending with Sulia are the eipoacd sunimitiL Note the gradual widening 
of tbo blink as we go north, and finally reach its widest jiart, upon which 
aresitnuted iiiliiiiila uf recent linicslune which have riseu from aconipani- 
tively hhulliiw luiiik, while farther south the recent limcHtoneii an- litnit*^ 
to the IloHSC 'IVrrv uf (iniulelnnpe, or te the fringing reefs of Martini<ine, 
8t. Vincent, IKmiiniut, and the (■rcnadittes. 

Isoltttcil fnxn the other islands in the line of the nubnier^'il chain, wc 
haTO Sunihrero, a recent limestone island, while Itinl Islnml and the 
Itarliados arc the sunmiita of two isulalcil banks, both of ditferent 
heights. Surely, we have in that subunirine <-hain a siitheient variety 
ID the depths of the hank to at.'ciiniil for the irret;uliir ;M>Htli<>n of the 
limestone dcptmits now going un, ami a siifrieient iiunilKT uf jxints 
which have reached by elevation the depth neeeiuuir}- ami faviiiidile f<<r 
the growth of i-und nvttf. Siinie <if the localities have Uvn elevated 
alnve that level, as Itarbuda, Antigua, Anguilla, Itarlndos. ami llasse 
Terro, while nt other points-^ as Martinii]Ue, .St. Vincent, ami the (In-n- 
aatines — the fringing and liarrier re<-fH nre still in full ai-tivity. 

The SuIni Itnnk. the hunk u|K>n which have risen Anti;:ua nnd liar- 
hndn. and the bank within which nre found Angiiilla an<l St. lUrtlxd- 
re i-Ui-nHivc slionls e>.ni[mre.I nith the drj' Iniitl -f the island. 
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frae firom corals, their sarfaoe being more or less distarbed by the action 
of the trades, thiis choking off the growth of any delicate marine forms. 
This leaves out of notice the great number of banks of the Bahamas, 
that of the west side of Florida, of the banks extending from Cape Sable 
to the Tortugas, of the banks to the south of Cienfuegos, extending from 
the Isle of Pines to Cape Cruz, and, finally, the bank to the eastward of 
Fbrto Rico upon which rise the Virgin Islands. Corals flourish upon all 
these banks ; they form fringing and barrier reefs, afld in a few instances 
atolls, such as Alacran, the Hogsty Reef, and the atolls of the Mosquito 
Bank, which I have not, however, examined myself. We cannot assume 
that corals are only to grow where tlie base has reached the proper 
depth during a period of subsidence, while they are denied that privilege 
where the right depth has been reached in a period of elevation. 

There is no greater distance between the elevated reef of the soath 
shore of Cuba and the fringing reef of parts of San Domingo and Ja* 
maica than there is between those of the north shore of Cuba and the 
barrier reef of the Florida Keys. The time at which the reefs of differ* 
ent areas in the West Indies were elevated need not necessarily have 
been synchronous, nor should we expect this in a district where voloaDic 
agencies have been at work on so great a scale. This would go far to 
account for the great diversity of coral reefs we meet with in the West 
Indian district within comparatively short distances. 

In fact, what I have seen so far in my explorations of the coral 
reefs of the West Indies would show that wherever coral reefs occuri 
and of whatever shape, they form only a comparatively thin growth 
apon the underlying base, and are not of great thickness. In Flor- 
ida they rest upon the limestones which form the basis of the great 
peninsula. On the Yucatan Bank they are underlain by a marine 
limestone. In Cuba they abut upon the Tertiary limestones of its 
shores. Along Honduras, the Mosquito Coast, and the north shore of 
South America, they grow upon extensive banks or shoals, parts of the 
shore plateau of the adjoining continent, where they find the proper 
depth. 

Similarly, along the shores of the Greater Antilles they are found rising 
from depths suitable to their growth upon the shore plateaus, as well 
as upon the peaks and summits of submarine ranges which either 
oome to the surface or approach it. Round the Windward Islands 
they thrive upon the banks which surround them. But in neither case 
have they played any important part in the building up of the banks 
or of the shore plateaus upon which they occur. Upon the Bahamas 
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and Bermudu thetonla now growing form a tbio Teneer upon the Kolian 
rock Icdgea, tho reninanta of tba TaDiahing land formed from a eonl 
roof which muat have fluiiriBhed at the beginning of the prcaent epoch. 

But Dana himself has eveu more dJHtitictly and emphatically tbao 
any other writer atated the objuctiuue to the general application of tbe 
theory of aiibiidence for the fumiation of barrier roefiL lu "Corali 
and (Jural litlatids," he aaya (|i. 347) : " The amount of Biibaidcnce deter- 
miucH in aome caacs the diiitancu of barrier reefs from shore ; but it hy 
no iiieauB aocuunts for the difference in their extent in diflcrciit parts of 
a single group of islands. Indued, if this cause be considered alone, 
every grade of extent, from no sulmJduncu to the largcat amoniit, might 
in many instance* be proved as liaving occurred on a single island. Of 
far greater iiiiiMtrtaocc, as has api>carcd, is tiie volcanic character of the 
land." Tlie remainder of the parngmiih quoted almve, dcscril>ing the 
relations of volcanoes anil of t(>ui)h}'teH aa the luud-niakiug agents of 
tlie I'lU^ific, aeems hardly consistent with the subsidence tlie«>ry. 

Many of the u)«ervati<ins made on elevated coral reefs do not distin- 
guish between tho elevation of a thin mantle on a sloj>e tn a certain 
height, and the tbickncna of the reef itself. Furthermore, in such a dif* 
ficult pniblem only the observations of trained oliservors can be of value. 
Maiiv of the <lnta, and even many <^ those quoted by Dana, are tbe 
reco^ls ut nien-ly casual obser\-Bti(ii)8 of individuals with little or no 
ex[ierieure in this field. 

'I'he i«hind nf Ijifu, one of the l/>yalty gmnp, the peoli>gy of wliidi 
has Iwen descriliwi by the Itev. W. It. (.■|nrkc,' is one of the fvw elevated 
coral ishinils of nliiili we may {I'd certain that tite highest [lolnta, two 
hun<lrt><I and fifty fi-et aliove the si-a, are covered by an elevated coral 
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to he learned regarding the barrier and fringing reefs and the great 
lagoon of Xew Caledonia. We need additional information regarding 
the thickness of coral reefs to complete the evidence of their great 
thickness as due to subsidence. The thickness of such elevated reefs 
as may without question be considered true coral reefs is not as great 
as it hiis been supposed by various observers (see Dana, p. 274). Tiie 
more recent examinations of the thickness of the elevated coral reefs in 
the Solomon Islands by ('Uppy, in the Burl)ados by Harrison and Jukes- 
Browne, in Cuba by K. T. IlilP and myself, all tend to prove that ele- 
vated coral reefs nowhere have attained a thickness of more than two 
hundred to two hundred and Hftv feet. This shows that a thickness of 
two thousand feet observed in Cuba bv Professor 0. \V. Crosby, of twelve 
hundred feet near Matanzas reported by myself, and of two thousand feet 
of the white limestones of Jamaica, are not the thickness of coral reef 
builders, but of marine limestones uf very ditlcrent character; and that 
the true reef- building corals have merely built a sheet of moderate 
thickness upon these older limestones, which have been mistaken for 
limestones built up by reff-i)uilding corals. The reefs of the weather side 
of the island of Oahu form (piite a thin sheet overlying the volcanic rocks. 

Similar conclusions have been reached by the recent examinations of 
dolomitic limestones, which are of irreat thickness (over two thousand 
feet), and were until recently unhcsitatiiiLily considered as coral reef 
limestones. They have now been shown by Miss OL'ilvie and by Rothpletz 
to be marine limestones, while the true coral reef builders formed de- 
posits of very moderate thickness, a coral L^rowth, as it were, not thicker 
than one hundred and fifty feet. It is very evident that, in the exam- 
ination of tlie coral deposits of f trmer LTcoloirical periods, great care must 
be taken to <listinuniish in'twecn coral L^rowths formintr a comjiaratively 
tliin veneer and marine limestones of crroat thickness in which corals are 
occasionally foinid. 

The discussion (^f LauLrenbock on the coral reefs of former geological 
j>eri«Kls is subject to revision after a reexamination of the l')calities, in 
accordance with the recent expli»rations of tlie dolomite reirion, and of 
our more accurate knowledge of the distribution and thickness of the 
West Indian reefs. The fossil ret'ls of the Jura were amonir the earliest 
known. Attention was first called to them by Thurman (1S.")10 and 
(Jressly nsr)()). but they have n<'t lucn examined recently with refer- 
ence to the f)<»ints now in disptite re-j-ardini: the formation of coral reefs. ^ 

^ Amer Journ. of Scienro, Septcnibir. 1^'»4. 

2 See Zschokke, F. LMc KonillenrilTc iin .Schwuizeri^chfii Jura. Anraii, 1800. 
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In no caM baa Thunnan or tireflsly obwrred ancient ooral resft of vny 
great tliivkuou (une hundred uctera) at all to be rompared witb the 
tbickiieva claimed fur tnoderu recfii by Dorvin and Dana (two tbouaaod 
feet). 

Tbe evidence brought forward from the exUtence of recent lime- 
atone beda uf great thiuknew In Java and in the Philippinea and other 
luculititit, to wbicb refcnnuo hua t>ccn made aa proof of the great thick- 
ueiiB of ceriil reefs, niuat be taken aa aubjcct to modification. One 
iif tbe moat iiitereating of the fusail coral rvefa ia the atoll uf Ben- 
guot, in the iahuid of Luiou, lueutioned by Draache.* It haa walla of 
five tu ail hniidrL-d feet above the valley, which itaelf ia about four 
thuiionnd fnut altove the a«a level. The surface of the limeatono ia filled 
«itb red earth, often aeveral feet in thickness. Tlio limeatunca, unlike 
coral reefa, ore distinctly atrulilicd. The corala and other fowila belong 
to genera which atill occur in tbe In<liiin Ouean of t<i-day, ao that the 
linieatuiies of the atoll of Itetignet and of Norlhem I.uton Iwlung to the 
most recent formations uf the ialitud, and from their dcacription differ 
greiitly from the coral reef limestones uf to-day. 

ICiclitliufen's ' theory that the Scbleni Dolomite was a coral reef waa 
adupteil ill the main by MuJaiMciTivs,* and their views, altbuutfh opjiosed 
by (fUnil>el,* have roeeived general recognition until cum|mratively ro- 
coiitly. Mias M. M. Ogilvie, in the Ueoli>gical Magnaine for January and 
Fehruiiry, lt*U4, jM-rhapa first called attention tu the |)ecnliur occumnce 
of the NO calh^l ciirnl reefa iu the Uolomilea. 

In the itilerealing ac<-nunt of coral in the Dolomites of Smith Tyrol 
by Mias Ogilviu an eutin.-ly new view is taken of tbe nt-f-like appear- 
ance asnumcl by the didomitic maaxifs, vhieb she traces to the move- 
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paratively small thicknesses of interbedded rock, and not the main body 
of the mountain masses ; (6) that corals began to grow in Wengen time 
on a submarine volcanic ridge on the nortliern edge of a great area of 
subsidence, and travelled northward and inward in Cassian time ; (r) that 
extensive banks of coral were found in scattered localities during the 
Raibl period of shallower water and Dolomite deposit. And the final 
paragraph of the paper contains the following statement : " My special 
survey in a part of the district seems to me to justify, without doubt, 
the position of those authorities who have contended that the immense 
thicknesses of * Schlern Dolomite ' rock were an ordinary marine deposit, 
and not * coral reefs.*" 

In the descriptions of the Dolomitic region by Richthofen and by 
Mojsisovics, '* the thick dolomitic UKu.sifs of Schlern Sella," etc., were 
regarded as dolomitic reefs, thou<j:h they have originated as marine de- 
posits, and not coral reefs. " The Wengen and Cassian coral reefs of 
Groden, Ennenberg, and Upper Fassa have remained, with but rare ex- 
ceptions, limestone. The actual tliickness attained by the individual 
lenticular coral reefs or the coral banks is in no case very great, seldom 
more than one hundred and tiftv feet, and usually much less." 

Finally, Rothpletz,^ after a thorough examination of the field, comes to 
the following conclusion : — 

" Wir konnen also die zu Beginn dieses Capitels aufgeworfene Frage, 
ob der Schlerndoloniit eine K<>ralleiiriiri)il(lung sei, jetzt mit einem 
entschiedenen Nein i)eantworten, so huM man die Frage in dieser Allge- 
meinheit noch stellen will. Die bisher besprochenen reinen Kalk- und 
Dolomitmassen der oberen Trias sind allenlings vorwiegend organs );^'enen 
Ursprungs und venlanken ihro Massigkeit dem Wachstum von Thieren 
und Pflanzen in wenig tiefen oder sogar seiehten Meerestheilen. Aber 
Korallen haben dai)ei durcliaus keine besonders liervorragende Rollo 
gesj^elt, wenn sehon sie stellenweise walire Rasen bildeten und wohl 
auch zu kleinen echten Iiitf bilduniren L^ftihrt haben mogen. An den 
meisten Orten liingegen treten sie amlereu Thieren und den Pllanzen 
gegentiber so sehr in den Ilintergrtmd, dass wir sie nur als einen unter- 
geordneten Bestandtheil der Fatina be/eiclien kiinnen. Viel bedeutsa- 
mer werden sie statt (lessen mancherorts in den Tassianer und l!aibler 
Schichten. F^s ist bezeicrhnend genuLT. dass der Sehlennlolomit des 
Schlernes selbst nur sehr weniire Sj)nri'n von Knrallen anfweist, wiihrend 
die wenig machtii^'cn D(>loniitj)l;itteM der I»ail)ler Schichten auf dem 
Schlcnif)lateau, also unniittell>ar im IlJiiiLrenden des letzteren, geradezu 

* Ein Geologischer Querschnitt durcli die Ost-Alpon. p 07. Stuttgart, 1894. 
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Kun Koralleo auurameDgewUt aind, ao dmn ua ali wahn Korallenraaan 
beseicbnet werdeu tDuuen. Die Dulumitisiruug daa Ueatciuea bat <liv- 
BolbeD keiueswflgB Terwisclit uud unkenutlich gemaoht, Wjr kuaueo 
aber auub tla nicht too oigentlicbon Iliffun, aundeni iiur von Raaen 
aprechoD, dea ibro Hubeuciitwiukuluiig Ut nur eino aebr gcringe. . . , 

" Suit uuu abor fUr dua Sohleriiilulumit wcuitpteiia der Name ' liitt ' 
beibebaltoti wurdci), wofUr ticuordinga aiiub Sueaa * aicb Buii(;eHprM;lioD 
but I . . . Daa wird yuu der Dutiiiitiuu abluuij^u, die man dcui Worto 
gebcn will. VcraU-lit luon duruiiter ateil uud boch vum M(.-cn»bi>dcii 
aufn^goado Maaacii, etwa wiia die KoniUeaiuBvlii dca Stilica Uwana, daun 
paaat dor Nauio liir dio Out Al]>i.-ii gauz und gar niclit. Ik-p-uift mau 
daruuter ab<ir auub dio Bubmariueii, organ ugciicii I'Litcaun dca (iulfca 
Tou Mexico uiid dig Dacia-ltimk dor Tiufsw, donn lieaaa aich der Name 
' Dolumitriff,' web) aucb fumcrbiu auf die Al))ou aawcndeu, doch tiiiuat« 
vorLvr eiiio eiitacbicdeuo t'mpriiguui; dieses Uliedea uuaorca Wortabataea 
vuf^tiunimeu werdeu." 

I du not mcau iu aiiy way to deny tbe poeubility of the fomiatioii 
of luarine limoHtuutm by HiiUiideuco. Itut 1 mimt also call nttuiition a^in 
to their furmatiiiii at grvaX depths by aucretiou, and to the fact that true 
ooral reef buildera have aa yet beuu sbowu puaitively to attain only a 
moderate Ibickiieis. 

TItu ilifrvrciice in the Btoc]inofla nf the b1o[)0 of the Florida Charta off 
tho Florida Heef aud that of the eteO|j auhniariuo alo|H.' of tlie VjtaU 
em lluhnuiiw off the edKinK roof, 1 believe, cnu be oi|ilained on the 
au{i{HNiition tbnt the tjwtorn llabnmu are a aeriea of inuro or Icaa 
discuiineelud aiimmita, with Hlup«^'a no Htoejicr than thoae of the vul- 
cnnie Windwatd IhIhimIs to the luiiith of them. In the one caM, the 
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circumstances favor. . . . They are not evidence against the subsidence 
theory, but simply local examples under the general principle just stated." 
It seems to me that in the first part of the passage quoted Professor 
Dana grants the principal factors which have been advanced in opposition 
to the universiil application of the Darwinian theory of coral reefs. The 
objections to it from this and that quarter have little by little circum- 
scribed the area within which it is applicable. It is not applicable to 
the West Indian and Caribbean Sea reefs. It does not hold true for 
the Bahamas or Bermudas anv more than for Cuba or Florida. It 
does not hold for the Sandwich Islands or the Galapagos. It has not 
been accepted by Semper, by liein, by Murray, by Bourne, by Guppy, 
nor by others who have in recent years examined many of the localities 
which are considered by Dana and Darwin as typiciil of the subsidence 
theory. 

Perhaps one of the best sections of coral reef rock and limestone is 
that given by Julien,^ as far back as IST)?, in his description of the 
geology of Sombrero, W. I. The beds examined by him vary in thick- 
ness between thirty-three and sixty-six feet. From his description of 
the key as an atoll I imagine it must resemble either Hogsty lleef or 
some of the smaller pseudo-atoll banks of the Bahamas, only it has been 
elevated about forty feet. Some of the beds are separated by a thin 
layer of limestone differing from the preceding. 

The formation of hills of nearly four hundred feet in height," in a dis- 
trict showing a probable subsidence of at least two hundred and fifty or 
three hundred feet, shows very plainly how a limestone bed of that thick- 
ness may have been formed from a coral reef flourishing at the time when 
the beach which bordered the icolian islands was at least two hundred feet 
higher than the present beaches on the Bahamas. It is not probable that 
during the period of subsidence the reef kept up its growth with sufficient 
vigor to add to the material which helped to build the a^olian hills now 
I disappearing before the action of the sea. (^n the contrary, we can only 
imaj;ine such hi;rh teolian hills as those of the Bahanuis to have been 
formed in a period of rest, during' which the great beach of the then 
existing reef constantly sup[)lied fresli material to be changed by the 
surf and the winds into sand for the hrapini:: up of sand dunes. They 
could not be formecl in a district of sul^sidence unless the subsidence 
was slower than the rate of growth of the corals, which is not the case 
in the liahamas, as the reefs of to-day, even when they come to the sur- 

* On the Geology of the Key of Sombrero, W. I., by Alexis A. Jullen, Ann. Lye. 
of Nat Uiet of New York, Vol. VIII. p. 2ol 
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fitoo, an not the sources from wbicb the m&tarial for the great dimes of 
the Btthunft Ishuds is derived. 

How far formutions similM' to thoae of the Bshsmu occur in districts 
where there are coral limestooes of considerable tbickuess, and where 
tbeir origiDal structure cun no longer be detected, is an ojicu (juestion. 
There are gniujM of islands in the oorol reef districts of tho Tacitic which 
from their n.-iH.'mblanco to the Bahamas it is interesting to compare with 
them. I refer B[)eGiully to the Maldives, to tho Louisiado Arcliipelagn. 
and to tbe Keeling Islands. Tho eiplaiiation which Darwin gives of 
the dissGverment of the lar);cr MaMivo atolls, that tho smaller ones have 
been formed during sulmidenco by n [irocess of which traces can l>c de- 
tected in the nortbem part of tho group, ilocs not avem natural. Thv 
sunken coral reefs of which wo have surveys show no such methotl of 
formation, while, on the cuntriiry, bonks of wbich the depth is some- 
what varied, forming nxiro or less irregular knobs or folds, could give a 
suitable sulwtructuru f<ir the growth of irregularly sliajii'd utollons such 
as cwnatitule tho Mahlive Arcliii>eliigo and the Mahlos Mabdon attdlL 
We iniiy c<>m]mro with thi-se atulU tbu circular reefs of the MuiK)iiito and 
Yucatan llniiks, which buve funned wherever tbo cunditmns of depth 
and cum-nts and Cdntigiimtion of tho liottoni have l>ei-n fiiv»ndite, in the 
midst of otlicr im-gulurly sba|wd [latchcs uf corals, many of which arc of 
cvnsideralile extent. The similarity of tbu ensteni and wi-stcm ranges 
of land of tbe Crest Ilubamn Itnnk to the distribution of the atullons on 
tho opixiHitc Hidt-M of the Muldivo atoll group has been eiiggcKled by l*n»- 
fessorDiiiiii; but while this is marked, the structure of (he iKliinds in one 
cane and of tho atolls in tbo other is, aH 1 have sbown for (be llabamaa, 
very diHen-ut. Tho similarity of the Ittdiiimaa to the l.i>uiMaile Archi- 
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with the rate of growth of its coral reefs. Ofif the west and northwest 
coasts of Australia, to the north of Houtman's Abrolhos there are exten- 
siTe coral reefs surrounding adjoining islands and skirting the shores ot 
the Australian continent. From their appearance on the Hydrographio 
Charts they bear a certain resemblance to the reefs of Yucatan, Hon- 
duras, and the Mosquito Coast, extending as they do out on the com- 
paratively shallow continental platform of that part of Australia. 

One cannot hi\ to be struck with the general resemblance of the Keel- 
ing atoll described by Darwin, and of which a chart is given by Ouppy 
in his article on the Cocos-Keeling Islands in the Scottish Geographical 
Magazine for June, 1889, to some of the smaller of the Bahama Banks. 
The filling up of the interior lagoon from the sand driven in through the 
narrow and shallow passages between the islands edging the bank, and 
perhaps also from the disintegration of the islands themselves, will in 
time produce, as suggested by Guppy, a bank, the interior of which will 
be entirely choked by sand, while corals will continue to thrive in the 
northern part of the lagoon in numerous patches, much as they do in 
the Bahamas, where their growth is not affected by the movement ot 
the bottom, or by the sand held in suspension during heavy weather. 

The sunken banks of the Bahamas, the Navidad, Silver, and Mouchoir 
Banks, remind us of the Great Chagos Bank, although there is no evi- 
dence to show that these banks owe their peculiar shape to the growth 
of corals due to subsidence, but merely that by subsidence what was once 
a flourishing coral reef edging a marine bank is now by subsidence left at 
a depth at which corals can no longer thrive, while they still flourish and 
grow on the edges and interior floors where the subsidence has not been 
great enough to sink that part of the bank to as great a depth, or in other 
localities where little or no subsidence has taken place. 

The Bahamas can hardly be said to have lagoons iu the sense in which 
we understand an atoll lugoon. With the exception of the lagoon of 
Hogsty Reef, the lagoons of the Bahamas are either huge sinks or slop- 
ing &oes extending from the inner side of islands on the edge of the 
banks towards their o{)en side, or they arc small salt sinks like the lakes 
of New Providence, the la<;oon of Watling, and the many salt ponds ex- 
isting on Long Island, on Inagua, on Grand Turk Island, and others. 

On the Great Bahama Bank the only sinks which are enclosed by 
higher banks are the extensive depression between New Providence and 
Eleuthera, with a greatest depth of six fathoms near Eleuthera, and the 
two to the west of the line of cays between IIighl>om Cay and Harvey 
Cay, with a maximum depth of four and a quarter fathoms. On the 
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Little BnhaDift Bank are t«o depreuiuna, ouo to the north of Little 
AbHGO, the other to the south, with & tnuimum depth of three nud 
throo qiiartore fathomB. Theee sinks are depraseiuUH iu the geuermi 
topography of the boiiks, aud have do deGuite relation to the islands 
aud to their edgiug teofs. The slopes to tbo west of Cat Island atid 
of tlio open hutike, such as the Crooked Islaiid, the Caicoa, and Turk's 
Island Ilaiiks, are verj gradual uutil they reach the edging coral reef in 
from four to six fu.thuiii8, whence the pitch is more rapid aud quite suddcu 
from the 20 futhum line to the 100 futhum litie. Tlicra is uothiiig an 
the Itulianuu) whiub exactly corresponds to the souiids of thv Bemiiidaa, 
■uch as Harriiigtou Sound, Castlu Harbor, and the (Ircut Simnd, tliu lutid 
wliich onco uiuy have friugcd the greater eiuks on tlio Balianiua having 
disappeurud by erosion, ouly flats of a uiure moderate depth iudicatiug ill 
former exiifti.'nco. 

As is well known, a depth of fifty to sixty (athoros has Iweti aasigin-d lo 
■ome of tbo lagoons iu the Maldives, of twcuty-five fathoius at KuchiiK 
Island by Darwin, aud of twenty fathoms at Matilda atolL In tbo 
ooni[)OBito atolls, like those of the Mabloa Mnhdoo atoll, aud other uf 
the ilaldives, the depth iu the smaller atolluna is stated by Darwin to 
be not more than five to seven fathoms, while the depth of the gn'stvr 
Ugouu — of the bunk Itself — is sometimes as much as two hundrvtl ami 
fifty to thnv hundred feet. May this not be due to causes similar to 
thoeo which in the Itennudns have fanned the sounds, attaining a depth 
of nearly sixteen futhums, and iu the Itahaniaa have formed devp cltan- 
nek U-tween oaljucent but more distsnt banks and islundsl Arv the 
BtolluuH )>t!rba)>H, only on a lai^rcr scale, sucli fonualious ns ttto Sfr]iulie 
reefs oeciirring off the south shore of the llenundan,' which are pun-ly 




AOASaU: BAHAMAS. 



lOT 



twe^D the Mira por vos Bnok ond Crooke<i Islaud Bank, or in the passage 
betwecD the outlying baoka to tbe south of the Bermuiias. 

Oraoting tbut the deep chaimela have been formed bj subsidence, it 
does not follow tlint the preseut distribution and oxisteuce of tho cumla 
00 the suiuiuits of tbe biuika ia due to the same cause. 

In fact, wo maj npply, only inverting the argument, tbe reasoning of 
Profeasor Dana against a theory of elevation as eiplajning the origin of 
barriere and atolls ; " Coral reefs may, like sea beiiches, be made at dif- 
loront heights on the slopes of rising land ; but this is not tho result of 
oloration, ifUicb is implied ; for barrier reefs and atolls are tbe ubjecta 
whose origin is to bo accounted for." Substitute subsidence for rii 
land, and remembering that reef corals will not grow at a greater deptb '] 
tbaa twenty fathomH, we eliminate subsidence as a factor, unless we are 1 
prepared to accept and imagine a synchronism between the growth of il 
corals and subsidence in a great number of the districts in which thsf''] 
flouriBh, — of which wo have no prooE 
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Cltin of the Bahunu, prepared by tbe Hf drograptiic BnreaD, Commtnder C D. 

Sigabce. U. S. N„ Uj'drograpUer. 

PLATE II. 

Fig I. Ilogily Reef, from a aketcli tent by Capuin W. J. WhartOD. R N. 

Ujdrograplier to the Arlmiralty. A fpw soundinga made by tbe " Wild 

Duck ■' have been added ouuidc tlie 100 falhoni line. 
Fis 2. Longitudinnl icution acrusa Hogity It^f, from the 120 talhom point on the 

eatt to (he 140 falliom line on the west, 
tig 3. TranaTene aection from the 120 fatlium line on the north to the 20G Eathuoi 

point on the south. 
^f. 4. The aame aa Figure 2, on a Inrger scale, to thai* the alope of the lagoon from 

tlie eaitem ledge to the main entrance of tlie lagoon. 
Fig 6 Section acroaa the lagoon near the ca<lem ledge. 
Slg. 0. Section acroH the lagoon to the west oi Sootli Cay somewhat to the east of 

the enlrance. 
ilg. 7. Section acroa» the lagoon at ita wideat part, near the middle. 

PLATE III- 

Charu of the vicinily of three prominent Blue Holea. from sketches Itindly eentbjr 
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Fig 1. Thirly-eight and seventeen fathom holes. Tlie«e holea are touth of the 

eastern extremity of Thunder Channel, Tongue of the Ocean. 
ng. a Thirleen fathom hr.le. 
Fig. 3 Twenty four falhom hole. 
Tbe holita m Figures 2 and 3 are immediately north of Blue Hole Point. 



PLATE IV 

Fig 1 Section acrow the Straita of Ftori-Ia. fr<im Jupiter Inlel to Memory Rock, 
Hcroaa the Lilltc Bahama Bank to off Penoicala Cay. 
^ rir 2 Section from Hilliboro Inlet scroxs the Siraila of Florida and the North- 
mat Pmtidence Cliannel, to Horei bland and acroa* the bank to oil 
Great Abaco. 
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Fig. 3. Section from Fokcj Rock*, irnxi tlie Slrslli of FloriiU to Can Cmjr. tti« 

Grfat Elalianm Bank, llie Korilieut I'niviJvncc Clunnel, to Rojal Iilaail 
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- 4 tig. 1. Section along tlie Virgin lalnnd Bank troia the ei 
liico to uB Aneguiia. 
Fig S. North sui) eoutli Section acrocB tlie Virgin Bank tlirough llie Iilaod of B 



Fig. i. Section bitom Munteerral ftnd Auttgtu. 

Kg. 6. Section BcrosB Mnrtiiiique, 

ti%. 6. Section acroii (irenaclu. 

Fig. 7. Section acrois tlw Grenadines Bank to off Barbadoa. 

yig. B, SpL-lion from Ave* laland ntTMS to Dominica. 

Fig. 9. Section from Aves liiilge ucrosa St, Lucia to Uie Barbados Ridge. 



PLATE vm. 

:DDr Cliart of liie Caribljean Sea. prepared by t)ic Uydrographic Burean in I88C. 
Comnmnder J. K. Bartlelt, V. S. y., Uydrograplwr tat tbe ■' Tbrae Crui«M 

ot llie Blake." 
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Tlie Smnllt-r Bank* fron 



iland, to illuBlrale llie tranaition (rum 
ling Island, Hum Cay, Mariguana lu 

to sucIl banks as Turk's UUrnl* anil 
the iliive caiienimiHt ttinkea Banks 
From llydrograpliic Chart No. Ull!, 



N'BVidad to Walling I 
cucli lalniidg aa Great Inagua. Wu 
Crooked liland and Caicoa Banks 
Mira por roi Banks, and flnally Ic 
of )louchoir. Silver, and Navidad. 
Admimll.v Cliart No. 393 
Kg. 1. Crooked Island Bank. 
Fig. 2. Caico* Bank. 
Fig. 8. Orval and Little Inngua Islandi. 
Fig. 4. Mariguana Island, 
Fig. 5. Turk'* Islands Bank. 

Ftg, 6- The nortliern part of the same bank, to show the miH of heads led to the 
south of firanri Turk Island by tlie disintegration of the former Grand 
Turk land. Reduced from Hydrographic Cliart No. 1000. 
Kg. 7, Mouchoir Bank. 
■Fig. B. Silrer Bank. 
Fig. V- Mira por vos Bank. 
Rg 10 Natidad Bank. 
Fig II. Oimt'eplian Island and Itum Cay, 
Fig. 12 Walling Island. 

PLATE X. 

From IlrHnigrftphic Ciiarls Nob. 20*. 26'. M4, and DM. 
Fig I. Little Bahama Bank. See Admiralty Chart No. SDO. for a laritrr seale. 
Fig. 2. The nonhem ejttremily of the cBslem part ofGreit Rahama Bank, indndinn 
New Providence to Eleutliera, and (lie Middle Ground to the loutlicasl 
of New Providence. 
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Fig. 3- A part of the ume Duk from Kcir ProTideDOe u far at the Dmglu Chaa- 
ni'l, un a laiver tcale than Fin. -^ 

Fif, 4. The vcat (ace of Crookril bland Bank, fron Um Hulhern ipil o( Fortnne 
liianU to Bird Uuck, allowing ttte diiintcgntlion of the luwlanda uf tba 
banki, Miil lira foniMtion of laguoiu aiiil tlie line of luunilinga talicii bj 
tl« ' Wild Duuk " to 300 (atbomi. Iteducml from AJminill/ Clurt 
Nu. 303. 

Fig. 6. Tlw luutliweitern pilge of Exuma Sound, ihowlng the formation of Ihc outer 
cfaaiiii of caya fnnn Great Kxuma Idaiid on tito narruw tliorc plalvaQ 
bouiiilcd by thf 1U0 fatlioin line, ami the diaintegratlun iiftlte Inoerfaoe 
uf Ureat and Little Kxuma IilaiwU to funti the low cayi, flati, ilialbwa, 
and aand bun-a un tlia adjoining [larti of the bank. TIh: ilolieil line indi- 
catea llie line uf aoundingi taken by tlic " Wild Duck " to 'iOO btlioma. 
Itaduccd lri>iD llydrograiihic Chart No, a^. 

Fig. 0. The auulhem extremity uf l^nii laland, aliiiiririg Ihc Iranaliioii nf tlie weat- 
ern faue of the ventral part of tlic iaiand into tlie l>ank llaia, and ibe 
breaking up uf tlie weal face of tlw louthcm pnminnliiry iif Long laland 
by ibe ISaUna Flata. Kedueed fhim Ilydrograpliii: Chart No. W. 

PLATE XL 
Fig. 1. Tlie Cayi and Borea to the eailward of Exuma laland. Sounding* in feet 

llyilrograpliiu Chart No. SIU. 
Fig. 3. ClarenLV llarliur and the ailjuiiiing Cay« and llorca. Ki>uiidinga in fact 

llyilnigrapliic Chart No. 'JMS. 
Fig 3. Ilie iiiinlieaatcrn cxiri'mily of Aiidroa with Ihr ■toulttr Cayiand Uorea. 

Sniin'linga in fathom*, llydru|{rapliiu Chart No, l4'.Hi. 
Fig. 4. WaalwrwDliiBO'a Cut ('haniiel (aoulli (if AndnM). leading fnitii llir Tongue of 

till- I h'eiin 111 ilurrieanv lIoU>. Koundinga in tatliumi. Ilydnigrapliic 

(-hart N>i •nr,-,. 
Fig C The Itaggfl Itlaml* Cay* iin llie ■»utlH>a>l<m extremity of the (ireal 

Ihliama n-nk. Sounding* In feet. I)ydr»Kra|ilik Cliari* N<« ;tll, tWP 

Fig.O. Ilu*M-ll and Itnyal Mamli, on tlw iMirtlieaali-m exiremity of the (ireat 

lUhania lUiik. S..un.liiigi In fallionia Hylrograiilii.' < 'hart N» MOWt. 
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tig. 3. The Caj's of the Norlh SJiore of Cuhn from Buennvista Bay to LanzaQillo 
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2. Cay ConfiteB, one of the ouler cays on the edge of the pUleau of (lie north 
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shore of Cuba. Admiralty Chart No. 43G. 

4. Alfred Sound, the reef liarbnr at the northwestern extremity of 0ml 
Inagua. Admiralty Chart No. 2022. 
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ttie main island. Admiralty Chart No. 410. 
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JEolUn Bocks U the foot of the Queen's Staircate, N««mii. 

PLATE XVI. 
DUtant View of Naitan acrosa the Grantitown Plain 

PLATE XVII, 
Ended Hangrore Flat dS a beach on thp south lide of Xew ProTidence. 

PLATE XVin. 
Konh Shore of New ProTidence near the Tea House, Noasan. 

PLATR XIX, 
bland Vegetation. Pine Barren with PalmeKos near Lake Conniogharo, New 
Protidence. 

PLATE XX. 
Tagetalion along the Norih Sliore Koad, >'ew ProTidence, near KasMU. 
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No. 2.— A Visit to the Bermudas in March, 1894. By 
Alexander Agassiz. 



GENERAL DESCRIPTION. 

Bbforb completing my article uu tiie Buliamoa I n'as auiious to visit 
the Itermuilas. During my visit I chortereii a aea-going tug, aud waa 
thus able iu a compamtively short time to cover every iiitoreatiug B[H>t 
on the shores of the islands and on tbe iimer and outer ledge fldU. 
During the spring of 1894 I spent about a month in their eiamiimtiun,* 
and lind that the story of thoir present cuoditiou is practically that of 
the Bahamas, with the exception that at the Bermudas we have aa 
epitome as it were of the physical changes undergone by the Bahiunita, 
One cannot fail to be struck with the insiguiti canoe of the corals us com- 
pared with those of Florida, of the Bahamas, and of the Windward Isl- 
auds. It is true that on the ledge [mtches inside of the so called " lodge 
flats" the Gorgoniaus and Milleporea are very flourishing, but the devel- 
opment of the true reef builJei-s, of the mnssivo corals, is insignifiuant ; 
while the al>sence of Mudrepiirea is remarkable, and changes the wholt 
•B[>ect of the coral growth. 

I ahull have little to add to the description of the Bermudas aa given 
by Nelson, Bein, Thomsou, Rice, and Ileilprin, but I am inclined to Uke a 
different view of the part which the corals now growing there have ptayod 
In the formation of the reef ledge flats. The comlit have not added any 
material part to the reefs; they form only a thin veneer over the disin* 
tegrated ledges of le^iiian rook which constitute the so called reoT off 
the south shore nf Bcrmnda and the lodge flat« of the reef ring near 
the outer edge of tlie Bermuda Bank, .dioliau rock ledges underlie tht 
oorul growth not only on the patches off the south shore and on tht 
ledge flats of the outer reef, but they also underlie the so called patches 
and heads rnrming the flats which extend on both sides of the main 
cbnnnel and divide the lagoons or interior waters of the bank into irreg- 



■ Noteirrom Ihe BcrmuclM. By Aletni 
Jamei D. Dana, dulrrl Iteriiiiidn, Mnn'h 
8d Mr.. Vol. XLVn No. 3S2. June. 1804 



nir. Kmm a iHtorlnPrnfrnor 
American Ji>uriial of ScicnOB^ 



No. 2. — A Visit to the Bermudas in March, 1894. 
Alexander Agassiz. 



GENERAL DESCRIPTION. 

Bbforb completing my artiule ou the BaliaoiaB I traa anxious to visit 
the Berniuilas. During my visit 1 cIiortL-red a Hea-goiug tiig, atitl wwi 
thus ahle in a conipiratively short timo to cover every interesting spot 
on the sliures of the ixlancls and on the iuiier and outer led^ flats. 
During the spring or 1894 I spent about u mouth in their examination,* 
and find that the story of their preseut condition is practically that of 
the Bahamas, with the exception that at the Bermudas we have an 
epitome as it were of tlie phynical changes undergone by the Bahamas. 
One cannot fail to be struck with the inaignificauce of the coruls as cou^ 
pared with those of Florida, of the Bahamas, and of the Windward 1^- 
suds. It is trne that on the ledge pstches inside of the so called " led|{« 
flats" the Gorgonians and Millepurea are very flourishing, but the duvsl* 
opment of the trne reef builders, of the mossivo corals, is insignittcant ; 
while the absence of Madrepores is remarkable, and changes the vhol* 
aspect of the coml growth. 

I Hhnll have littlo to add to the description of the Bermudas as ([iven 
by Nelson, Itoin, Thomson, Rice, and Heilprin, hut I am inclined to tnks a 
difi'ercnt view of the part which the corals now growing there have played 
in the formation of th« reef ledge tints. The corals have not added any 
material part to the reefs ; they form only a thin veneer over the diiin- 
tegrated ledges of wolian rock which constitute the so called rCcf oBT 
the south shore of Bermuda and the IcHkc flats of the reef ring near 
the outer edge of the Bermuda Bank. vEolian rock ledges underlie thft 
ooral growth not only on the putclies ofl" the south shore and on ttM 
ledge flats of the outer reef, bnt they also nnderlie the so oallcd ))atok« 
and heads forming the flats which extend on both sides of the imun 
channel and divide the lagoons or interior waters of the bank into irregr 

> NotMtVom the Bermiidts. By Alptiin'lpr AitnKix. Prom ■ Irtter 
JamM n. I>ina, ilalcJ Bprmuan, Mnrcii \-i, )8m. Ainerk-nn Jnumsl of B 
tA itr., Vol. XLVII No. 382. June. I81H. 
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Visii to the Bermudas in March, 1894. By 

Alexamdkb Agassiz. 



GENERAL DESCRIPTION. 

Beforb completing! my article ou the Babamas I m-aa anxious to visit 
the Bermiiilfts. During my visit I chartered a sea-going tug, aud waa 
thus able in n comparntively short lime to cover every interestiug spot 
on the shores of the islands and on the inner and outer iedgo flate. 
During the spring of 1894 I spent about a month in their examination,* 
and find that the story of their present conditidu is practically that of 
the Bahamas, with the eiception that at the Bermudas we have au 
epitome as it were of the physical changes undergone by the Bahamas. 
Una cannot fail to Iw struck with the insignilicance uf the corals us com- 
pared with those of Florida, of the Bahamas, and of the Windward Isl- 
ands. It is true that on the ledge patches inside of the so called " ledg« 
fiats " the Gorgonians and Millopores are very flourishing, but the devel- 
opment of the true reef huildei's, of the massive corals, is insignlHcnnt ; 
while the absence of Mudreports is remarkable, and changes the whole 
aspect of t!ie coral growtli. 

I shall have little to add to the description of the Bermudas as given 
hy Nelson, Rain, Thomson, Rice, and Heilprin, bnt I nm inclined to take ik 
different view of the part which the corals now growing there have played 
in the formation of tbf* reef ledge flats. The corals have not added any 
material part to the reefs ; they form only a thin voneer over the disio- 
tegratcd ledges of Ecolian rock which constitute the so called reef off 
the south sliore of Bermuda aud the ledge Hats of the reef ring aeat 
the outer edge of the Bermuda Itank. /Lilian rock ledges underlie the 
coral growth not only on the patches off the south shore and on the 
ledge flats of the outer reef, but they also underlie the so called patches 
and heads forming the flats which extend on both sides of the main 
channel and divide the lagoons "r interior waters of the bank into irreg- 

' Notes from the BprmudsB, B}' AlpKonitpr Aeih: 
Jxtnei 1). thma. dst»l BermmU, Mnrt'h 12, IB94. 
SA Mtr.. Vol. XLVn No, 282. June. 18W. 
voi. x»vi, — S0.2, U 



210 BULLETIN: KCSEUM OF COMPABATIVE ZUOLOUY. 

ular Miiiida, like Murray Aiicliornge. Ttic puugc wf tke •bora ■tilian 
rock lutl^reii iiitu the <»<ntl jmli-liiM ghii viiiiity tw tncod, off Wli tlic 
iiurtli uikI tltu ouutli hIiitvh, hh will tw m.t!» Uter on. 

I l)HVi> to tiMiik Ilia Kkcelleticy, tlw Ooveniur of t)i« IlenniKlHM, lira- 
erml LyiHi, fur (wnniiuioii to lumke HouiKliiipi niid (]n-<]);iue« itiuiait; tlic«e 
ulmids with tho view uf ttudyint; the c»nJ funantimi. To thv ll<<ii. 
Archibwltl Aliwni, Coluiiinl Sucretnry, I nu itHlfl>ti-«l fur nMuAlitiii-* in 
mftuy woyii iluriiiK my viiiit tu tlii: IkTuiiidu, ■.■■[H.-riHlly in i>1ttiiiiiiiii; iii- 
forniatiuii frxiiu the guvi'niiiieut ul)iw;r)i, luid fur « line ti(icviiiicii nf riimi' 
iug puiuitx' HtntiiilMl ii|ii>H tho Huuth Hliuro ; and to ('tt|ituiii Ciirr, It. N , 
iu chttrgu of tho IkTuiudu duckyan], fur iiirornintioii n-imnliiiK Irt-lii-l 
I«Uii>l and tlie AitU. I havo U> thauk (leticral KihuhII IlaatiiitrN ainl 
the Ainoriiuiii CuiihiiI, lliu IIoii. Manihall llaiiifcr, d-r their iiitrn-M iti 
my ei}duratiiiiiii, and ti> Mr. Juhti ('. Wnthnicloii t am iiidf)-tc<) t<T 
BtatiHiicH rcifardiiig the tuinpentturo of tho nca water at ditfiTi-iit at-a- 
BuiiH <rf thu yL-ar. 

The- iilir|M uf llie mountain of whirh the Itcnnndaa aiv tli» niinitnrt 
vari*.** ctiniitdvrahly, j<idi;iiiK from t)i<> ihrvu McctinnH given i«i I'liitc 1 1 
The H|..|>e off N<irtli Itock (Plalv II. Kit;. 3) ia attx-jHT than tli« i.l..|>^ 
Aff|-|>i.th> M»r1».r (I'lato II. Fitt. 4). Oir North IWk th<> dmluniv fn>ni 
till- IIHI fiithoiii lino to a (l.>|.lh iif m'nrly 1,4IK) rn(lii>mN in aU.ut an 

mih-a. whilu iiR (*a«lle HarUir (!»> 1(H> fiitl Iiix' i> nrarlv nuhl nnl.n 

fniin a dqrth «f h-na than l.'iMt rallioiim. (Iff thi> ArKnH iuiik tht- Iimi 
fathom line i* alNnit Irii mth'H fntm a l,37l> futhimi aixindiMi: {I'ltiv II. 
Viir*. I. '.>). Th-H- Ni-cti»iit ah-'w thi- ah>{«> <>f thi- Uiind to )w ■ti,t-|«.T 
off the north fntv tlinii on tho w-iith aide of liic IiJniiiI. 

On (li<> i-utliaot frii-i' off lj»i\t Itiir \.)iMt falhomii tx f •iiixl at a 'li*- 




bouuded 00 t!ie north by a chain of islands of which St. David is the 
niuat prommetit, and on tlie east liy a chain uf sruiiUer inlands, the con- 
tinuation of the spit eoAt of Tnckerstowu, wliicb is the east«rutuo8t point 
of the main island. Outside of (Jostle Harbor on the north eateuda 
ft chain of Jalands which bound Sl George H&rbor, the lurgest of 
which IB St. George Inland. Endless islets and rocks flunk the south 
shore from Tuukerstowu to Church liaj, where the main island uiokea 
A sweep to the southwest as far as Wreck Hill. It is separated by & 
narrow channel from Somerset Island, to the northward. 

From Soiuersot Narrows a chain of small islands extends to the north- 
east, on the Iiiat of which is built the dockyard. The north shore of the 
main Island is flanked by numerous islands, which form Hamilton 
Harbor, Port Koyal Bay. Great Sound, and tho connecting waters to 
the westward of Spanish Point (Plate III.). At the eastern end of the 
main island a narrow channel opens into Little or Harringtuu Sound, 
whio!) covers the greater part of that end of the island. The position 
nf the former Bermudinn land is indicated by isolated rocks, like North 
Rock (Plate VIII.), the I'ilchard Dicks, the Southwest Breaker, the 
South Keef, the Mills and Northeast Breakers, and others rising above 
the general level of the broad belt of ledge flats which completely sur* 
round the summit of the Bermuda mountain. These flats leave only 
hero and there a narrow passage into tlie Inierior sounds, bounded by 
the many lieits of flats crossing the inner waters. The principal passers 
are tho Narrows, or Ship Channel, Hog Fish Cut, Chab Cut, North 
Bock, and Mills Breaker channels, in addition to a few insignilicflnt boat 
passages. The Narrows is really the only channel navigable for heavy 
draught vessels. 

The Lagoon, lying to the northwani and northwestward of the 
islands, is bounded by tho curve of the outer ledge flats. They are sub- 
merged at low water, except at a few points such as the North KoeV, 
Mills Breaker, Southwest Breaker, and others marked on the chart 
(Plate 1.). The depth of the Lagoon is in general from seven to nine 
fttthoms, though a few of the dee^tcr points are twelve or thirteen 
fathoms. Between the outer ledge flats and the islands are found the 
many secondary flats, called Elies Flat, Cowground Flat, Brackish Pond 
Flats, Green Hats, Bailey B.iy Flats, Three Hill ShoaU, and the like, 
which consist of endless patches of Millepores and Gorgnniana, reaching 
many of them to within a few inches of the surfece. The Gorgonisna 
and Algte which cover the patches have grown upon the remnanta of 
ledges of the proto-Bermudian land that attest to its former ezisteuoa 
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at so many pointih not only of the outer nef Ivdget, but oq tlie flati inters 
vening between tlieni aiiil the Lagoon (I'lnte XVIII.). Between thexe 
patclies aupurated by doep water, and plainly Men l>y its iliioolurutiori, it 
ia comparatively easy tu fiiiil ono'a wuy when the wmter on the liaiiki 
it not rendered milky by winds stirring; up the bottom. 

Lagoons similar to those between the reef and the islaitits are (in-nt 
Sound, I'ort Kuyal Itay, Ilamiltun Harbor, Harrington or Little Sunmi. 
St. Ueorga Ilarbur, and L'aHtle llurbor. These sonnda, as the inixT 
lagoons arc called, diifer Truni similar sinks in tiM outer UfEoon by bciiik' 
bounded in |iart or wholly by land, while tlio sounds in the outer Ibi:<"'Ii 
are wore or less indistinctly limited by Ants foniied ot "eural IkwI" 
patches (I'lale I.). 

Ilarri»)ct(>D Sound is coniieeted with the unlcr lH|.i>nn by a namiw 
channel, the Flats Inlet ; it is, in rncl, in the nuiilitiun of many «r tin- 
tmallcr Iwys on the south shore, where the sen hus <inly coni)iunititt'1y 
lately encroacht-d ujKin the interior sinkn. 1 nTi-r to siteh bnim nii 
Sinky, Ilunnry < Plate XV.), Deroti, and {ho like. In the csm- of Liril.- 
Kiniiul, the o|>ening at Flats Inlet bn>kc tlmxinh the riilt,'c M-)u>n>tiMiC 
tite outer lag<M>n from an extvtisivc sink, the smaller eleviilionH of aiucli 
have entirvly disaiiiieantl, with the neeption of a few iiilandn and i>li<'nl 
{nlehea. (Castle llarlKir and St (icor^e IlurlH>r were pmbably Himdar 
sinks, the outlin*.>a of whieh arc still indiotol by lh<- line of ulnnds 
pnitertins in jiart the Hi>Mth<>ni fare of CnNih- iliirlH>r, while the out- 
line of (he namiw sink funning St. (ieorge Ilarlior is shown by tbf 
islands which separate it from the Nurrows, and by St. Pavid and 
b>nt! Hint IsliuhU. whirh are the n>m»nnts of the ridtie divi.lini; Si. 
tiixirire fr<-m I'nKlle lliirlxir. Itiit lii>th these rid|:v* are now hn-keit 




Bs ■ 



aimilar lagoons, the limiting land of which has beeu entirely waaUed away. 
Such arc the three small lugooiis situated in the flats to the south of East 
Ledge and to the west of Milla Bieuker, showing channela leading into 
them from the bank aimilnr to the Narrows which lead from the edge 
of the bftuk to the lagoon forming Murraj Anchorage. A niimher of 
Bnch open lagoous facing south are found extending into the inner 
edge of the reef flat, to the eastward and westward, directly south of 
North Rock, as far west as the Eastern Blue Cut. On the outer face 
of the reef south of Western Blue Cut, at the Chub Cut, the Chub 
Heads, and between High Point and the Chaddock Bar, a uuniUer of 
such open lagoons cnu be traced. Long Bur is a fiat ledge whicti 
once may have formed the barrier of a narrow lagoon open at its two 
extremities. 

The so cidled reef off the south shore I look upon as & series of ledgeSi 
the remnants of the cliffs of the shore wlien it formerly eii«nded to the 
present position (Plates XXL, XXIll.) of the reef. One cannot fail to 
read the mode of formation of this reef on seeing the work of destruc- 
tion which has been and is still going on all along tliat coast (Plate XIX.), 
The shore of the island is gradually being eaten away at all the low 
points leading either into sinks like those of Sinlcy or of Hungry Bay, or 
into nior-' elongated sinka like those which will be formed when the poods 
lying close (o the shore to the westward of Tuokerstown are invaded by 
the 9ea'(Plate XIV.). The next process is the formation of a line o( 
islands, such as stIII protect Castle Harbor and St. George Harbor on 
their sea face (Pinto XXL), or, as is well seen at Sinky Bay, where the 
line of rocks to the north and south of the opening is still connected 
with the shore line by a lieauh or neck, but which will soon disappear 
and change that bay and the one to the north of it into an extension of 
Whale Bay. On the sea face of that part of the coast extends a long line 
of isolated Tock.i, islets, rocky patches, and sunken ledges, which plainly 
tell of their former connection in a continuous ridge. Parts of these 
ledges are worn to the water's edge, forming flat ledges or mushroom- 
shaped rocks overgrown with Algaj and Serpulie, and likewise the Ser- 
pul«i atolls (Plates XXIV.-XXVL) and boilers of the shore line, similar 
to those which form the outer reef, and are separated by a belt of water 
varying from one and a half to four faihoms close to the lee side of the 
reef. At some points of the shore it is difficult to separate tho line 
of the outer reef, and of its ledges extending towards tho shore, from 
the ledges wliich form tho Serpulw reefs of the shore line itself 
(Plato XXVL). 
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TIm MDOiint of nutterjml which ia kept in ctinitaiit aiuvt'tiienl bv tlie 
ftctiou of the Hen within the uiitvr liuu vf leOgim ia very givat, kiii) i% coii- 
atonlly iiicreawtl hy the uJtlitiuiial uinturial dtrtvitl rrum Uiv bnmkiitt; 
up of iho outer lidfEea Uy mm of uiiitHiiul viuli-iioc. The uiiIit u 
«oll aa the iuiicr kslgea bucome (liocuinivctml ; |NuuwKva Ih-Ivwh iht-m 
sra u|«ue<l with four fathoiiu of wnter, or vwn uum. I'hc »iiit'r 
■lope of the Mtcat n (crvatc-r tlinii the inner iil(>)«, the (U-i>th "f waii-r 
iiii!rciuiiii(( iu winte |iliiceti rH|>iill}' from ihc kilfKii whii'h are naadh nt 
low water ti» aii or mvcm futhuiiiH, or even iiji to twelve off l'niitlt> 
Harliur. From that i]e|ith, jiiit)j!in|; from the aiiuiiiliiii.'a on tliv tiyilm 
grajihiu chartn, tho a1o|)L' ia quite jnwlua), twelve fiithuniH imnally tit-in;; 
found at a iliiitanco of ni-arly a mile from the outer IlhI^ii ; off the <>ui>-r 
aide of (he weateni rvefH the Hlojie inaomewhat Htii-iicr. iind nff iho iii>rih- 
aaatem fkce of the rrefa from the Weateni Itlue Cut to North Itotk tliu 
■lope ia aliKhtly flatter. 

Two amall diHConnecleil Imnka eiiat to the mxithwi-Ht of the Ihr- 
miidaa with a leant depth, the one of Iwentv-onf, tlie otlxr of tamlv- 
fuur fathuniH {I'latv II.)> A ttepth of <,v,-t I.ihHI r.tih>'mH him Uni 
•omideil Iwtween the main lUnk and the fhalUiitier I'Mink, whil.- <>»<■ 
of n8(> falhoiiia haa breii obtained in the channel la-latfii it and tin- 
Arpia llaiik. The bottom in theM ta atnl'il tn lie ei>ml umi, mid thc-e 
Imnka irWT. like the Dermixla Itank tt«-ir. U> (he aiutimiti. i>f vnKiiii.i- 
peaks whii-h have riaen fniin a t.-n*uteBt depth of nmre liian J.liiHi falh"n<* 
at It ilintnnce of alaiut nine imteH rn>tii the Hill falhiiin lini-. 

The Ib-nnnilaa |in-aent i|iiitL' a dtlli-rent |ili)-iiiiii;ni'niy fmin that of the 
Itahnmaa. The hilla an- iii<in> divvn>il)i-<l in Hlia|>e. many uf tl- m ipiito 
r<inii-al, Niirronndini; liolBiidii i>r Rinkn <•( riiiinidenilile exti-nt and of i^n-at 




215 



Professor Ileilprm h of the opii 
Tuokerstuwii were furmed ut a tin. 
were dllfereDt from what tticy are 
precisely what his v 



that perhaps the natural arches at 
Kill tlie rflitiuiiB of luiid aud water 
j though it i»diffii:ult to ascertain 
at the Bahamas, many sinks occur 



in which, owing to the porosity of the rock, but little water cau remain; 
if the sinks are at some height above the sea le%'el. this undoubtedly per- 
meatca the interior of the island, and whenever the sinks reach below 
the level of the sea tljoy are Blled with brackish water. There in very 
little difference in the appearance of the rucks composing the islands. 
We have by no means the variety in tlie appearance of the i^olian rocks 
met with in different islands of the Bahanias. 

Solution has undoubtedly played some part in prodncing many of the 
fantastic spires of i^olian rocks one meets in the Bahamas and Bermudas. 
The undemiining of the shore clilfs, the miiahroom shape of many of 
the isolated rocks and shore ledges, both above and below low-water 
mark, is in part due to the solvent action of sea water. This ia 
especially well seen in the Baiiamas on every island or islet at many of 
the channels leading from the sea face on to the batik.' On the Ber- 
mudas this is perhaps best seen in the formation of the pinnacles in the 
comparatively quiet waters of Mullet Bay and of Castle Harbor, and in 
thn undermining of all the shore cliffs and the Mivernoux and honey- 
combed condition of the older led^e patches between the islandu and tha 
reef flats and those of the ledge flats ihemselves. Close to the Cnuscwaj 
at the northwest part of Castle Harbor there is quite a patch of low pin- 
nacles from two to two and a half feet in height, which seem to show an 
active solvent action by the sea. 

But the solvent action of the salt water cannot be compared in effi- 
ciency with the destructive mechimical action of the sea ; the latter has 
til a great extent been arrested by the covering coat of Gorgonians, Mille- 
pores, Algm, and Oonklliucs, ns well as of the more massive corals found 
thriving upon the hea<Is, patches, ledgea, and ledge flats of the inner and 
outer waters of the Bermudas. But these bends, ledges, etc. do not, as has 
been stated by former fbservers, owe their eiisteuce and their gradual 
increase to the corals, as they consist of leolian rock with only a protect- 
ing veneer of corals over their surface, constituting a coral growth. And 
not a coral reef. 

In the region of the Everglades of Florida,' the process of solution of 

I See A. Agusiz, The Baiiamas. Bull. Miu. Corup. Zwil.. Vol. XXVI. No. I, 
I8»4, p. 4'J 

' Tlie Topography of FlnriJa. by S. S. Shnler, Bull. Mua. Comp. ZoSI , Vnl. X VL 



No. 2. — A Visit to the Bermudas in March, 1894. By 
Alexander Agassiz. 



GENERAL DESCRIPTION. 

Bkforb completing my article ou the Babamas I was ausioua to visit 
the Bermmios. Duriug my visit I chartered a eea-going tug, aud wm 
thus able in a compiratively short time to cover every iiit«reatiug spot 
nil the shores of the islands aud on the inner and outer ledge flals. 
During the spring of 1894 I spent about a month iii their ei ami nation,* 
and find that the story of their present conditiuu is practically that of 
the Bahamas, with the exception that at the Bermudas we have an 
epitome as it were of the physical changes undergone hy the Bahamas. 
One cannot fail to he struck with the insignificance of the corals as com- 
pared with those of Florida, of the Qaliamas, and of the Windward Isl- 
ands. It is true that on the ledge patches inside of the so called " ledge 
flats" the Gorgonians and Millopores are very flourishing. but the devel- 
opment of the true reef buildei's, of the massive oorals, is insignifieHnt ; 
while the absence of Madrepores is remarkable, and changes the whol« 
aspect of the coral growth. 

I shall have little to add to the description of the Bermudas as givea 
by Nelson, liein, Thomson, Rice, and Keilprin, but I am inclined to take a 
different view of the part which the corals now growing there have played 
in thn formation of the reef ledge flats. The corals have not added any 
material part to the reefs ; they form only a thin veneer over the disin- 
tegrated ledges of »olian rock which constitute the so called reef off 
the south shore nf Bermuda and the ledge flats of the reef ring near 
the enter eiige of the Bermuda Bank, v^liau rock ledges underlie the 
ournl growth not only on the patches off the south shore ftud on the 
ledge Bills of the outer reef, hut they also underlie the so called i»tcfaea 
and heads forming the flats which extend on both sides of the main 
channel and divide the lagoons or interior waters of the bank iuto irreg- 

' Holes frora the Bermndng. By Aletsr 
J«ine* I), Dana. d*tecl Bermuila, Mircli I 
M MT., Vol. XLVII. No. 282. June. 18W. 
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aemblance to ui Ktoll," ultliouf^h they differ from odo in wrenU mpecta 
which he cnumeratiiiL Uuim mid >Sir Wyvillo Thumaoii rcK'^nl tlit- Ilrr- 
mudu aa jiart of an atiill. Thoouon thought the JaLtiida wure funiR'd " )>r 
tho raiaiug of tho weather cd^re of the rvef kbuve the level uf thf iifii " ' 
l*rofe8Sor Kice alau ouiiaiderod it uii ntiill, but ho waa can-ful (o dmiiD' 
tiDguiah between the pruaeut uutliiiea luid thuM which Iwlon^^od t<> ihv 
origiual atoll. 

Profoaaor Kico anggeata the fbtlowioi^ beada as hia eipUimtion uf the 
geological hiatory of tho Etcriiiuilon : — 

" 1. A aiiliHidunce in which tho orif;iiul miclvna of the ialand diw|h 
[learcd beiieuth thu una, the cluinu'tLTiMtii! atull ruriii was pnnltmHl. and 
the now olovatod bciich rock wna ile[)iiNitL>d. 

"2. All elevation in which tho grout latpHm and the vanniii minor 
lagoona were convertw) intii dry land, and the vnnt BOi-nniidiilii<tii i-f 
wiiidbliiHu wind wcrv Torinvd which now cunxtitnto lht> inuat alrikiiii: 
pcculiurily of the inlHiidH. 

" 3. A anlmidunco m which the atdt drift mck aroiiiid tho iili<>rt.ti »>i( 
fcrcd extcnnive iiiariiiu cronion and tliv Mhuro plnlfunii ami clilTia ulri'iulv 
dem-ritiod wvrc firmed." 

Am nimnla 1. Thia ia the nalurul px{>laimti<>it wliii-h wmild If pvrn 
In tin- Durwinian theory of tho formiitiun of coral n-ofii tn arrmint l-ih 
for the ilii<a)i]K<ara]ic<- of llie originnl nnclvua and for the f»nimlti>ii uf an 
atoll. To th<M<- who do D'lt Mvept tho ihoory the diMt]ii>raniiii-c of ihe 
imcli'iiN ia 'if cotime ciplaiiuil hy anliHidi'iu-v idw>, but by the ■n)iaid<<ii<'« 
whu'h foll'iKwl the furmati'it) of the dtnu-t fmm an oiteiiaivo niiK^haii-l 
ci>nil win'l tHiii'h of wlin'h thi' mnlorial wna <li-nvcil fmni a fn-f in^-wiiii; 
niNii) the n|>|>T plali-iiu of the Iterniudiiiu iit'Hiiitaiu, from a di-pth of b-M 




ua 



I Bhall have occasion to TL-kr to the views of Heilprin in the course of 
tha tuUowiiig jfngus. KegarUiufj tbe utatemuut he moiiea ou the nature 
of tbe Dolomitii) ree&i of the Tyrol, I would refer the reader to my Ke- 
port ou tbe Buhamus, page ITD, where I have given an abstract of tko 
views of the latest reamirches ou tbe nature of the dolomitic reefs, views 
which are diametrically opposed to those advocated by him. 

Heilprin snya ; "If it ever existed (the atoll oouditiou), it has been 
oompletcly masked by overgrowth ; . . . the facts, such as they are, 
■bow with sutfioient dearuesa that the present islands and reefs have 
little or nothini; in common, beyond occupying position, with a pre- 
eiistent rinj^." ' Yet it is ou obaervatimis gathered in a district thus 
characterized by him that Heilprin hiLscs his asseut to the Darwinian 
theory of coral recfii, and he dissents from those who bold opposite views 
with a vehemence which might be excused in one having an extended 
■uxjuaintauce with coral reefs. 



^OLIAN HILLS AND DUNES. 



Captain Nelson was the first to c.iU attention to the teolian cbarao- 
ter (if the rocka of tbe Bahamas and Bermudas. This character itaute 
atx ffeax in every direction. In the Bahamas the vertical cliffs of tbe 
weather side of tlie islands show this to perfection, and here auJ there a 
quarry or a cut leaves no doubt that the substructure as well as the 
superstructure of the island is all of tbe same character. On the Ber- 
mudas OHC comes upou quarries of nil sizes at all pDint^ close to the sea 
level or near the highest summits, and at all jiossible intermediate ele- 
vations. The rock everywhere presents tbe same structure. There are 
also endle<is rock cuts for the passage of roaiis (Plate IX.), giving excel- 
lent exposures of the iDolinu strata twisted and turned in every possibls 
r according to the direction of the then prevailing wind^ 
across a patch exposed in a cliff or in a deep cut where 
I parallel for quite a distance. As in the Bahamas, the 
e woliiin rocks has become indurated hy tbe percolation of 
tnd hna formed here and there the thio 
over those islands, where the surface ia 



irregular 

or we may i: 

the strata n 

surface of thes 

fresh water through its r 

ringing cnaliuR e 



J well protected by vegetation as it is in the Bermudas. Through* 
out the islands we come upon evidence of the extensive deuudation 
aud erosion which have affected tbe leolian rocks of the islands and 
1 Bermuda Iilandi, p.40L 
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worn thctn into tlio varied rurnia tliej- have luwunied, vitlic-r almi 
more eipiised HltArea or in tbo •liuttiirud bujri aiid iiiU-U iirul m 
S<>iiio of tbe woliuD [liunoclcti off (.'uatle Horbur have aMtime«l the 
ruutiutic ahapes, du« to tlio wiutiinml action or tliu wostlivr ami i 
■olvunt and wearing action of titu Ma and niiiv 

Sir Wyvill« Tliuniwm ' haa itlao given an vxcvllcDt awonnt ■< 
fCeiiural vUaracteriiitiu vt tlio Hwlian I'linnatioM. Ilcil|>rin 1i;tii 
attention tu the i;uni[iurativi;ly iiiHigniKoaiit |Mirt aliith coratn |>i 
the Hiip|ily or thp ntaivrial which has fpinu tu form tlio it-olinii l< 
tho Ueruiiidiui, uitd wliioh, lu in tlio lUlminaa, ia inailc n|i «f innriy 
on^aniatna. Atiioiig thoiu NiillijioriM, CundliiioN, Imikcii nluUt 
MitlepurvM take a imiat ini|Kinant i>lai-i-. In auniv lucnlitirH, «|i<- 
vulian Tuuka have not Iiei-»iue well initnrHU.Hl, it it ni>t inrn-<|Mi 
have Bfvtindary dnnini Turuied (Vinn (he Mtnd di-rivii) Troin iIk- Iti 
duwn or unv of the a<iftt:r L-liirii, th« dnnva iiiverioK '■* i^ ivrtani < 
the ohler Kuliun hilK much ait the H-ulian tuinil of tlio Mxith ciwl > 
over thu facua of thi< oIiUt IiIIIh. 

The- t)ii« uiiral iwnil, whii-h in «<> ottun api'kcn of aa waiilitti up • 
alionw liy the ai-ii,' ih iimI, otni-tly iijN-iikint;, I'uml wind, lint in {•rii 
corniHiMi] (if till)* Hand dt-riviil fnun dc<iiiii|HiiM-d ;tiiliiiii n-t-k. 'Mi 
tcrial IN dorivc"! fr>ini the diNintfu'nitiim i>f the Mln>n- rliff loilini 
frmn that iMumdiil (iff hy (ho wa fn>m the oiitiT nv( li-il;;r.. \.-. 
with tlie hnikon hIii-IIh of thu ni<>llui>k>t hviiiit ii[><>n ihi* Hula an 
ainull HiN'Mint I'f material mippliwl liy tli<> lin-aknti; itp of (lie ni 
coral* and (inrKouiaiiH formini,' (he ct-ral piiutti u]>i-n (In- I'-ii;i- 
Ui;<^ lh.-n»i.-lvi>« (vinaiHtini: <>f ii-<>lian nxk mvi-nil l>y Ali.-.!. f-t-., 
S<T|ml.i-, ami Milh>[»r-a. On thf Mnitli Khi<rr (In. li nnd ■- 



■r Ihr 

<-»Il.-l 



'iikii.^ 
l.ii.l.t 




usuaeszi vEsxmiAs. 



It is probable t!mt the other ncn -calcareous rocks and tninerftla whioh 
hare occasionully l)eeii fuund la&y have bceu broii;,'ht here by floating < 
trunka and roota of trees, ns is the case in mtmy of the oceanic islauds. | 
We Bboulii, however. Dot forget the possibility of their being the fmg- 
menta of the volcanic summit around which the proto-Bermudiau reef j 
iras first formed, a summit fvhich has completely disappeared, either ow- { 
ing to Buhsidence or todisiutegration, or to both combined. There exiats ; 
in the collection in ilie Govcninieat Building a piece of 6ne-graiaed I 
leolian rock of a reddish tiut from the north shore near Warwick Hood, i 
in which is embedded au angular fragment of basalt, or some eruptive ■■ 
rock. 

For a coral island the elevation of the Bermudas is very considerablSL ] 

The highest points are Sears Hill, 260 feet, Gibbs Hill, 240 feet, and 1 

f Prospect Hill, 222 feet; a number of points reach an elevation of ' | 

■ nearly 150 feet. On the Bahamas, with the exception of the blgheit ] 

> points of Cat Island, which are said to reach 400 feet, tlio greater nuni> I 

ber of the ccolian hills do not rise to more than from 60 to 100 foeti i 

very many of the islamls iittjiining a height of not more than from 30 i 

to 40 feet, and only a few summits reaching over 200 feet. But It j 

•honld be remembered th.it the heights named arc not due to the e 

VAtioa of coral reef rock, but to the height attaiued by the soliau liilh ] 

' whiuh constitute the dry land of the two groups. 

The Bermudas and Brthamas' offer an example of the thickness that J 
■ recent limestone deposit may attain dnring a |>eriod of rest. Assuming 1 
for the Bermudas a probable subsidence of TO feet and a greatest ele- ] 
vation of 260 feet, wa get an leoIian coral limestone of 330 feet in thiok- 
nesB, the material of which has all come from a. reef which itself was i 
probably not thicker than 120 feet, or a total thickness of 450 feet. 
When we remember how readily these coral limestones are changed into 1 
bard ringing rocks, we Intri^duce a new element into the disci 
Ihe mode of formation of huge masses of limestone, especially in tli« 
mgion of the trade winds. 

The beach ruck and the so called base rock which have been observed | 
at the Bermudas belong, I believe, to two different types. The former, 
the beach rock, consisting of coral or other sand, is deposited in stratft ] 
dipping to the sea at a slight inclination, and is characteristic of iJi , 
eoral reef districts nhcre sand is accumulated along a shelving tin 
ooast. This frei^uently becomes hardened and cliangod to a ringing | 
I limestone, and is composed usually of rather coarse particles, hut not ] 
> A. Agawii, Bull. Mqi. Comp, ZM.. Vol. XXVI. No. I, p. 183. 
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irily mo. Tho base rook, conniilorDil lijr Biimo of tlic vritm oii tlie 
HerniuUu tu uiiderlio the iLiiliitu hillx, I look iijxiii a» (ho uicxhtiii) jmrt 
of the lower porfim) nf the tctiliau iitnit* cliaii)^tl into n hnni niiKiii;; 
limratono in which nil tnicn of itrutiKcatiou h*vo urieii diM{i{icKrv>J 
(in-tM XVI.-XVI11.). 

tleilprio MgnuM that tho Iwacli rock hw been vlovatni ami in vtill 
found at an eleration of 12 to 16 foot; that it "KHlv<)at>it the Imit 
•ub«ii)«nce, ... is at teaat aa ancient a* tlii.> Inpiona and hkiiiiiIh. amt 
pmliably much moro ancient. Indcn), thcru ia nothin); th^t conhl huJ 
on« tn »u|i)NNM that it ia iK<t the orif;inn1 rock which wan f<>rnifi| wlirn 
the ialand tint came to t)iu Hnrfiice. Althunch now cijii>i>ci) >in tli>' w-a 
border, it in really an interitir n>d(, as is |)rovc<l by the lin<M<i luni't 
»f land which inuHt have Itccii n-nnived fmiu the M-nward sidi' of ih« 
eiialin^; clilfa." > Bnt this neither indicates eloTation, i»>r (but it i» an 
oripnal l>i>acb rock, since at tlti> wPHtcm eitn>inilv of the H-riiiiidai, at 
Ireland Island, it is underbiid \>y true a-tdian lieda fifty f.-ei Ix-low !..«. 
water mark. It does not soeni di me tlint lH>nih r»i-k in fiMnxl rt( utiy 
ffnntvr clcvatinn than that at which it cimid have iH-t-u throan n|> tmiil 
inlMe()iiei)tly cenientnl) diirint; a bnrrientie or violent i;nl(>. 

The shore jilatform of which I'mfcvaiir llice HiHiiks n|i|Hiirs to n,n- 
aiat iilily of miHlificil iKilian atrata, cliKn;^>il into hard nn^in;: risk )<y 
the ncliun of tlie sea, and of a alnm* |>la(fiirni cm-led tn leil;:i'4, n-> h<> 
hiitiaelf deacrilies tlii-m. lie well aaya, when a|ieakinK "f tin- nl.ition 
la-tween drift and law-h rock on the aonth slmre, "If ae ci>n<-<'ivc tb« 
arawanl fare i-f the dnne (a tio n-ntoretl, it would certainly in wxiie 
hH-alitieii eiteiid iH'vnnd the narrow shore [il.itfonn iiilo the ari'a ii>iw 
e'>v.T<-.l bv the sea!" 
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Darwin'a auggcstiou thut the friii>,'iiif,' reof on the south bide of the 
BennudnA is evIOeuee of recent elevuiiou, does not, iu view uf the fact 
tlwt ibu ruol' is niado up of leoliiin ledyea, ueed any diBCuaaion, Nor ia 
tl)fl reosoa givuu by I>iina regarding tlie cause of the great dillereaoe 
in the amount of dry land on tbe north and suutb side of the utoU k 
Btttisfuctory one, if the ledges are iL-oliun ledges, which were the first to 
diBnppuar after subsideuee begun. I am iuclined to look uijoh the 
pr«Bout state of things aa due to the former existence of lower ivoliou 
bUls on tlio northeru edge of the islauds ; ' but bis views would apply 
ft>r proto-Bernuidian times. 

My olisorvationa lead me to look upon the beach rock of the Benuudae 
u couaiiitiiig mainly of the larger and heavier afoliau niiiterials, whioh 
either have not been curried bd far or blown to so great a height us the 
lifChter teolinn eaud. The cD'eut of the intermittent submersion of the 
Bolian roika exposed at low-water mark aecniB to be to cement tbe pa^ 
tiuliw on the exposed lines of the knife-edged strata by a procewi very 
■iinilnr to that going ou iu all thu deep road culs ou the islands. By it 
all traces of strati liuatiou are gradually lust, aud an upper crust ruuutng 
over the exposed surface is formed irrespective of the (eolian luyeriL 
Thus a bolt of comparatively hard rock is formed, covered with a crust 
ringing to the hamtner, which at first sight appears to be tuiconfornmble 
with the axtlian strata. A closer eiamination invariably reveals at do 
great distance traces of the continnation of the scolinn stratification, 
which continue plainly visible to high-water mark, to points beloiv it, 
and at intermediate heights. "Where the sea breaks violently against A 
vertical cliff, this cementing effect, accompanied by the disappeamnco at 
tbe evidence of strati licittiriri, can be traced in somo cases well nbore 
high-water m:>rk, where it gradually passes into the region honeycombed 
and pitted by the action of the rains. Such parts of the rocks cannot 
be distinguished from the base rock, and they have all its characteristics 
except that the cementation ia not quite so complete (Plates XV. -XVII. 
and X<iVlll.). 

Here and there nlimg the beaches beach rock is forming, as in some 
parts of Great Turtle Buy. of the f.hi.r« south of Whale Bay, in Whale 
Bay itself, and between Kliorl projecting headlands where the drhrit troat 
the outor and inner ledi;cs accumulates in greater quantity. This beaoh 



' II ipem* nnmewhal Iminnlnin to nllpmpt, 
niOTptnpnl« nf el^mli'in and lulwi'lciu'e nf whi 
lrhii?h Up iin*. u he lliinki, fniinil rvlilence — ' 
nent (Bull Nat. Ho*.. No. S6, p IB ) 
». — ?«>.* 
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rock ia gcucnily readily rccogniied u bui:)i. It ia furmed in (airly thick 
Isyen, fmu two to aii iuvliea, aiid alwiiya di|Nt toward tlia mm at ft vi-ry 
modentu «tigle, aiid lion iiutliiut; ii> ci'iutriuii vith tlio voliuti atrata 
■gsiuat wliiuli it hI>iiU. I'ftrU uf it amy Xm grounil u]i ngHiii tij' a >l<inu 
•hould tilt) calm tietwet'ii huuvy auria nut cuutiuue aullicivutly luiig fur 
it tltunugbly to cuuwilidiitu. 

All alung tht! auiith ahura uuo cnn find |«ti:hM of bewh rock di|-]-iii(!. 
u oI)<K>rv«d liy Profinwur Kice, Ut tliu avn at a aligUt aiigk',— the iiiuUtii 
bmch ruck uf to-duy, funiiud fruiu the r(.-iiiodt'lliuff of the niatiTJal ttir>i»u 
up fruiu the ootcr Icd^^ca. 'I'his Iwach ruck ia fomiwl aiiuilurly t<> il.ut 
of the Florida IiC«f, Kk«ro it |)laya no iiii[K>rtuiit a jntrt tit ila cci'Iihimv, 
while at the Ucnuuilaa it ia uf voii]{«rutivu iiixipiiliriiiici'. It ih «IU'ii 
ditficiilt tu ai'iNUHtv the beach rock fruiu thu hiiau ruck, hut if, im 1 l-tlii-ii-, 
what is culled "haae rock" ia only mudiliiil ii-nlmn rui-k, tht- lattir Imii 
not the irii|>ortatu:u attributed tu it by rmfLNnorv Itiie iukI ll<-il|iriii. 
On White Cltlf lEuy there an aomu u-olinii clifTa ili]>|>iiit; nt ii i>h.ir|i 
an){le iuto the aea, »liuwiu|{ nMiiarknhly wdl thu tmiinfiiniiiiiiini it ili<> 
thiu u-oliaii luyera iiitw maonivo cotiijMivt Ik-Um uf Imm nxk, iti »lii< li the 
dip of the atruta uau acarcely lie di-lei-ti-tl, i>lilitL'mtc<l na it liim U'l'ti )-y 
the cciuvutil)^; and wilveiil aclloii uf the at-a wuIlt actiUK ii]K-n thiin. 

At Iliii)|^y Ilay, Middlelnu Itay, ami many [■•i»ta dii the miiiIIi xli-'ti-, 
aiidun the north alinre at in-laiitl iNlniid, and mi the iiurth nhxre of M. 
(■■■iirKe, lliL-n- aru niiiiii-rciia li>cnlitii-a ahere il ia |HiNiit>li' !•■ (■hM-rvr lli'* 
traiiaition of thf iiK-liiivd or IxTid'Hlal ii-<'lmii ».tn»l» iil-.**.- livh «"'r 
mark to the nolid riiipni.' Iimtmtoiie chunu-trrial ic of thu -l<u-<' t.-k " 
On tite ahore uf C.-l.t Hw]. (.. llu- «tM ..f ll.-n.ii Hu>. nt ll..- f—l .f 
(iihU llill.lh>- " hiia.- rock." call I* mtn |«.miii;! tinwIiiHlly fr.-.u ll..- .•■■U^u 
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water upon iho lower part uf tlie ^lolian strata, and from being friable 
Kud crumbliiiff, na they are above tlie reuch of the aca, have beeu 
obauged into a uolid compact limeetone, which riiit^s under tha ham- 
mer and can be cbipped off iu aharp-edgcd flakes. This is similar to the 
bard ringing heach rock now forming', and does not, it seema to me, 
iudicate the position of the former sea horder. Almost anywhere on the 
south shore duo tinda the base of a;oliau clitFs consisting of Gtruta dipping 
inward, changed as high up aa the aea can reach, into this hard oom- 
pact ringing limestone. A similar " base rock " fringes all the Bahama 
iBlaoda; inland at NitHsau, as at the Benundaa, a few steps from the 
shore inside of tlio " base rock/' the leolian structure is clearly defined 
in quarries and wells extending below the water Hni:, but the sea, acting 
merely by percolation, has not changed their thin edges and cemented 
them as it has on the sen face of the shorea where the strata are fully 
exposed to the action of the sen, and are in addition exposed [or a 
longer or shorter time to the atniosphere during low-water periods or 
during the intervals bctweeo consecutive breakers. 

Rice snj's of the locally culled base rock, '■ that it does not uni- 
formly underlie the sufter rocks, nor is there any evidence that it ia 
older than they," ^ A part of the confusion between base and lieach 
rock seems to me to have arisen from considering the ledges of leolian 
rock as reef rock, and from the fact that there are a few localities on 
the Boutli shore where beach rook is actually forming from feolian rock 
iaiid, derived from ledges in deeper water, mixed with broken sheila and 
firagmonta of corals and Millepores. all of which particles are ccmcnled 
by the deposition of lime held in solution In the water percolating through 
its masses. 

Kice further saya, " That there can be no absolute distinction between 
b«ach rock and drift rock will be manifest from the consideration that 
the two forronlions are in their origin strictly continuous." Yea, hnt 
their origin is not the same; the beach rock of to-day is formed in great 
part of the leolian rock of former days. I would go one step further in 
believing that the baae rock is by no means nsually beach rock, but that 
beach rock is a very local phenomenon, and is younger than the soIJAii 
n>ck, and belongs to the present epoch, and has beeu forming at different 
levels, aa it is forming to-diiy in favorable localities, from the time the 
ialands began to subside, aa well iis before that time. I am nt a loss to 
know what Kice and Nelson can mean by reef rock, unless it be the 
thin cruat of coral growth upon the ledges. I am inclined to adopt 
> Bull- NaL Hiu., No. 25, p. 0. 
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Thoniton'a vi«<r,' tb^t the Bcrmiidm limeuone is eutirelj avlian, kud 
thkt tbe base ruck iloea nut uiidi'rlie tho nufter kdIIbu rock,* but to 
modify it \ty tbo mbove i(tiiti.-iiii.-iit re^iirdiuj tbe fomuitiua of liue rock 
Mid of beach rock an now furmiuK iiiaiuly fruni the icinodelliDg of old«r 
material. 

Kico Accepts the Agcn lalaud ntrata a« beacb rock, tm well aa the ntra- 
turn at the south eud of Irvluiid, a Htatviucut froiD which I niiiNt luoit 
emphuticnlly difl'ur. Tlivae beda contain rimrinv «li«ll« in v«liati nirnla. 
Tho base rock of tbe iaiaiidauf lluniiltuu lUrl>orai>]iettn,aiifHr an I hate 
obwrved it, to Iw due to the iiidurutiun of tbe lower atrata of the iii-han 
rock ci|Kiaed tu tbe action of the aoa. TbL're are but few iiiliiiidM iii 
Mainiltou llar)M>r of whicli the icolino ntrata do not dip at a ounidiTiittle 
antjlu towurdn the low-water mark line into the m-a. It in true tlmt in 
ainnc case* there are alno n-ulinri riN-k atmla ]MrBlh-l with tin' M-n, cviry- 
wheni lyin^ nearly, if not quite, huriiontal, but thvHO ittmtu |irvM-iit the 
character of tuuliau rocks niodilied bjr the action <if the ten. 

On (irace Ulanil, llawkini Inlnnd, and off tbe ijuarantini' in Maniit- 
tou Ilarbiir, we traced niont diHtinctly, at b>w-wKter mark. h-oIiuh Mrntk 
diiipiii)! at a bi^h aii^le into the mm, and yet at many jKiint* llu'v Imve 
pMHCil into what i« i'allf«l I«m' riH-k by tho coni[>leli- obliteration of the 
knifii^^lciH) atrata from (be ahmtlintc. th<> n-mrntini;, and tlic n<-l\riit 
action of lb-- neo. Tbe ihinl inland wmtb of the (^uarantim-, ■'•»>( InliMid. 
and l>srrel Inlnnd all {ireiH-nt tbe name i>h<-nonieiin <if nioililicniidii -t tim 
nihan mck into brnto riH'k. In tlie interior of a caveni li-ndiut: iiiti> 
(Quarantine Maud we loiild trnre tbe dip of tho ntdiiin nukH int.i (he 
aea, nud tbe mine wiih (he cane at IlaUNoit'ii Inland. On the Honlbmiot 
aide of I'lmt Mniid the lii -i.liiin liiniinntioit n>id.l nidi n-ndil> l« 
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FOSSILS. 

On a small island to the south of Agers Iijlacd I found quite a number 
ol apeoies of marine slielltt identicnl with those now living embedded in 
nearlj' horizontal a-oliaii strata a few fet't above liigh-water mark. Also a 
bank of Chama evidently tbrowa u[> ur blown ii]> during a hurricane, 
much aa we find Strombus on some parts of the Baliamas thrown up ia 
great banks high above high-water mark. That marine aiiells should 
thus be thrown up or blown up to such considerable heights in what 
may, in proto-Bermndinn time, have been a protected aouud, as well 
as is Hamilton Hnrbnr, is not extraordinary. We need only recall 
the great violeuce of the hurricanes which sweep post and over the Ber- 
mudas, during which vessels have dragged their anchors in the sheltered 
inner harbor of Hamilton, where the wind aud sea have a comparatively 
limited range. 

Below that, bnt in re-ilian strata, these fossils extend fo low-water 
mark, apparently embedded in the " base rock." These lower stratA 
havH at tirst sight all the appearance of beach rock; they consist 
mainly of particles larger than neolian sand, which probably have not 
been blown a great distance upward from their base. But these slratn, 
oonsiBting of larger brecciatcd fragments, have, like other i^olian bedSi 
been changed into the hard ringing limeatfine so characteristic of 
uenrly all the esposurea below high-water mark. 

During the very low tides which prevailed for the last days of my 
ifisit at the Bermiidaw, I was able to trace the existence of ajnlian beds 
underlying the fossil iferoua beds with the base rock lying between them. 
The fossils are embedded in ceolian rock, and in certain spacea, whiuh 
have become cemented so as to destiny the laminations, they appear 
to lie embedded in the base nx'k. The existence of these fosailiferous 
beds above high-water mark in the islands of Hamilton Harbor baa led 
Bice to assume a period of slight elevation as having occurred in tba 
Bermudas, and fnrtber to maintain that much of the interior of the 
islands is underlain by beach rock, a statement with which Professor 
Hoilprin agrees in the main. The size of the material and the broken 
sheila thrown up at Shelly Beach show how bitrh up material similar 
to it may, even nnder ordinary circumstances, have been thrown up and 
become embodied into reolian beds without its being any indication of 
K period of elevation. 
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The fuuiliferous atrata of St. Gcorfre Inland,' mentioned by l'n>r<.-<Mi<r 
Hice, accm tu me tit lietimg tu tite Miiiie cati'}:<iry uf mvka wliidi cr'ji I'lit 
in Hamilton llurbur. Tliey are Kwliati ruvka ciuituiiiiiiK luuiiy i>|<(-<'«k 
of Lucina, Clmma, and tlio likei and as ull the niuriuo aliL'tls nrnr 
Agera liland iiiuHt linve fuuud tlirir way i»to tliuw uroliaii atnttn uinlir 
the action of tho wiuda or the aea, t)iu pnrtii or the itnita Iwlow h];.-)t- 
water mark have here alao been [lartty vhautted into tlw liard riiiKH't; 
limeiitone of the lnuv rock, froft-aaor Hcilpriii alnu found niariiii> nix lU 
in Koliuii rocka.* In a hill to the ciutward of Stone Hill 1 have fuiiiid u 
few recent land (thelle In very frialdu andinn ruck. 

An iiitcnatint; cullvction of moka and aiili-foMiilN fnim ilx- ti^>liuh nnk 
qiuirrlva aii<] other Icn.'atitieii in jireHcrrwl in tlio iiiivi-nimi-ut IliiiMiiii:. 
It uontaina amoiifc other HiJccinieiiH a smull cidlectinH of iiiMh of 'V,\U- 
uaaaud Lncinait ulitained fnmi a aitlimnrino cut in ToiidiitH Niirromi, 
aixtven feet ttetuw low-water mark. TIiIh wnnltl indimtc (In- ciiot. ui-e 
of a )my ur wtnnd, an in iinr day, at the time when thu Icvij >■( ti.e n n 
was higher, lN'r<iro the hind liwl hy HiilMiilomp utilniniHl lis |in'M-iii Uvrl, 
and it in no imliL-nlioii of elevation any inon- t)iiui tli<- ]ir(-ciii'o of iLc 
livitii; ahvllB of tirilny an foMiU wimlil indirnie iim-li n rhunuc It hIv. 
contain* the hL.II <.f a tr.>|ii<- hint ph; f.mml in i<-.di..ii nxk <|>iurrir-. in 
the Midilk- lt»a.l ill ll.-v.m«hiM>, the U.».-rt of a Mii|HO ol.tn>ii.-d rt.i.i 
a«>lin» hH'k near St. Iiinir^, Mid niiirine xhrllH fri>»i a Ihi) twi'nty Uft 
aliovo the aea and ime hiindral fet't away from it, •HvnmuK in h-Liii 

riN-k on tlip main roail fnini tlie north aide of llililm l.iirhil ->• 

lldl. Thpre ia iilwi in tliv (■•'Vfnitm-nt odh-rlion n hiri-o Tiirlio. ai.i.li 
wna found in a riilliiiK in n^dinn rock at llu- ■■nut end uf )lHitiiIr-<ii . 
llim Tiirlxi M Buid to Iw eitinci, Init in foniid anUfoMid in th>- hu->-v-[ 
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THE SOUNDS AND LAGOONS. 
PUU* 11., IV., VI., VII., XIV., ana xxvii. 

The sounds are sinks and depressioaa filled with sea water, as was first 
suggested by Rein, and none of them are secondary atolls, Thoy owe 
their origin either to the breaking through of low Baddies dividing siuks 
from outer Ingoona, or to subsidence, allowing the water of adjacent 
lagoons or the sea to fiow in over Beparutiug ridgeii, or to both these 
cau!<eB. 

Proresaor Hcilprin gives an excellent description of the rapid waxte 
whicli the islnudn are undergoing, and of the formatloii of the aonuds, on 
pages 36 and 37 of his Dcrmndaa. 

The improbabilityof the sinking of the roofs of large cavernous areas to 
forni the sounds, as has been su^^ested by Rein ' and Fewkes,^ does uot 
militate against local disruptions on a limited scale, of which, as Ueilpriu 
states, there is abundant evidence.' 

The lagoons of the south shore between Tuckerstown and Newton Bay 
are brackish pools Bepnmted by low hills from the sea (Plate XIV.). lu 
many places it would require comparatively slight inroads of the sco, or 
but little subsidence, to change them into diminutive harbors or sounds, 
similar, but of course on a smaller scale, to Castle Harbor or Harrington 
Sound. The shore platforms of Harrington Sound and Castle Harbor 
are similar to the ledges which extend off the clitfsfrom the onter shores 
of the islands (Plates VI., XXVIf.). 

Harrington Sound seems to have lieen formed in exactly the same 
way as the smaller harbor indentations of the coast. Its shores preaeut 
ftll the phenomena of disruption by waves exhibited by the outer sliorea, 
although in a less degree. The action of the sea is of course miioh less 
[wwerfnl, yet is snlHcieut to havp undercut the cliffs, and in some places, 
as on the north shore of the sound, tlioy are fully as high as many of the 
more striking cliffs formed on the sea faces outside by the splitting off 
of large slices of the loolian hilla 

We find in Harrington Sound islands, islets, and many honevcombed 
ledges (Plate XXVII.), pinnacles, and mushroom-shaped rocks, due to 

' Rein. Berichi,. IflTO. 

> Fewke», ,1. W„ Vcm. Boat. Soc. Knl. Hlil., 1887, p, 518. 

■ Bermiidiia. p. 45- 
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ero«on or to the Bolv«nt ution of tho ma, difl«ring iu no way ft^m (hoM 
mule along the north luid eoutli iihorea of tlia iilKiiili. Almig il> Bhorea 
there are numerou* ledges nimiiuj; out from or purnllel with them, ei- 
tendiug between tho ■mall rocky promoutoriee, which if cut off woiilil 
form ft aeriee ot patubce cluee to iihora KJiuil&r to thuw which extend from 
the north ehore inside of the banki towardi tho outer lcd):e fliitu nn>l 
upon them, tiurgoniana, corala, and other gruwtha, have aellleil ujxin 
the ledges aince the time when they and (he saddles have snnk or have 
been eroded to their present level, giving the aea acoena into the iiiten<T 
of the TariuuB sounds so chamctcristiv of the Bermudas. This is mlun- 
nibly shown by the cutting of the aea into St. ticor);!- IlarUir, *>•■ an I" 
give access to it both fruin the outer and inner wnli-ni of t)ic l«iik. 
These jMssagea are narrow, so that coratn di> notgi't ■ sufficient sii|i[>lv 
of fresh water, and hence are fur K'm conunuii than on the shelves of ('bh- 
tie Harbor, which is freely connected with the sea on its soiithcn) ex|»Ht- 
ure. In Hurringtou Sound the coniiectioii with the lafjooii is still It-^n 
open, a narrow cut on the north l>eiHK the only o{)cning thmiiKh ahxli 
the inner waters of the hank gain atlniisaion to it. Castle llarUtr in the 
aaine way is connected freely with tho sea on the ionth, nrHl but aliKbtly 
with the inner waters of the hank, through the aamo (i}ieuing which o>n- 
Mcts them with St. Ceurm- Harbor. 

A narrow cut so|>amteit .Sonieraot lalnnd, which funns the wenlrni 
boundary of (ireat Sonnd, from tho main island. This sa-fciM r<>nti<l in 
the eastward ami fumis the Nontfavm flank of I'ort Itoyiil Itnr, «hi>-h m 
separated from tireat Sound by tho line of islands eiteitilinK ontaard 
fh>m Tucker to llaml Island (I'late 11.). 

'Hie ilfpth "f wati-r in the s»unds is vc»y consiilerable, tmt only in the 
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only from five to six fiiihoma. The great aouad known m Jliirray An- 
ohonge, to the uortlicast of Bailey Bay flats, is somewtiat deeper, and 
varies from Bcven to niue fiitlioma. To tbe nortii and norliiwest of 
Murray Ai]i:horflge the water is still deeper, varying from seven to ten 
fotboni!', witb a deeper bight to the northeast of Three Hill Shoale, where 
the depth ia Iftelve fiULonis oluae to a spur of the East Ledge Flata 
These depths all run close to the five fathom line, which may be called 
the inner edge of the outer flats or ledges extending from Eiist Ledge to 
the Ledge Flats north of Blue Cut, On tbeae the depths vary from 
one and a half to four fathoms, with occasional deep holes, with a 
vhite sandy bottom, or islets separated from the edges of the Ledge 
Fluts or inlets running in from tbe sounds, nud patches surrounded by 
ttom seven to ten futhoma. To the westward of Three Hill ShonI the 
clear bottom averages from seven to eight fathoms. In the sound be- 
tween Brackish Pond Flats and Eiios Flats the depth varies from six 
to ten fathoms, with occasionally a hve fathom sounding between tbe 
numerous isolated patches of ledges inside of the five fathom line. The 
extensive sound to the west of Wreck Hill, extending to the Weatoru 
Ledge Flats and southwest of Elies Flats, varies from seven to eleven 
fiithoms (I'late II.). 

In St. George Harbor the bottom is hard in five fathomH. The dredge 
brought up many specimens of Toxopneustea and Eohinometra. We 
found only a few patches of Gorgonians and of massive corals in the 
harbor itself, while in Castle Harbor, which has a freer communioa- 
tinn with the sea, the patches of corals on the ledges are quite nu- 
merous, having muuli tliu same cji^niuteristica ux tliuiMs of the Ledge 
Flats. 

In Harrington Sound the growth of (Jorgnniatis and mnnsive corals is 
rIso less prominent than in Castle Harbor, and the development of Cor 
goni&ns, Algae, corals, and corallines in these sounds, as well as in the 
sounds at the western end of the islands (Hamilton Harlior, Port Royal 
Biiy, and Great Sound), seems clearly to indicate that as fast as thiiy 
became connected with the outer s^mnds and in prop<)rtion to the acc«8- 
libitity of the sea, corals have grailually found tlieir way into these 
Bounds, and have also developed in proportion to it, being less abundant 
in sounds indifferently connected with the open sea. All the eonditinns 
of ^the coral growth indicate a comparatively recent inroad of tbe sen, 
first into Castle Harbor, next into St. George Harbor, and finally into 
Harrington Sound. The corals have found their way into the sounds 
much as the corals forming the veneer of the outer reefs have founii 
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their WKj from the West Itiilies in the (ntck of the Gulf Strcnm, or 
perhaps have Iiccd tierivud from the coniln funning ihv |iro((i-IW-niiiii)ikn 
nvft, which in their turn were iutroduced frvin the West Indies tlinxich 
the unie agency. 

It w«u)e pruhahle that the cedars dredgol up in the eiiitvalitinx fiT 
the channel in St. (^eorge Harbor were floated into the lianiii fnint the 
adjoining hillsides ; but iu the ciue of the rvd enrth comiii); fn>nt (he 
excavation in Irvland Islanil, the site of the pivseiit d>K-k_vanl »ni> ]>r>'li- 
ahly a banana liole, wliich tluring the siibeidenco unit (•■ it* |>ri'iit'nt 
level, say lifty feet er so below low-water mark. 

The oondilioiiB of grxiwth of the curala in the soiindi nf the Ik-rmiKl.t-t 
do not soem to me lo have any beuri»t;itn th<-(,'n>wlh •>( c«Ta\s in tliv 
lagikin of an atnll. The IsKUun of an atull swept bv (lie eiiireiitii. »ith 
its rim punnrled u|>on hy the snrf, and the Itermnilian Sonml. wiih it< 
coiupiiratively <}tiiet ciiNmse of water formed undiT Huch (liHcrent coiidi- 
tionx, do not eeeni to hnve many fvadires in coniMion. 

Tliure are near, llarrinh'tim Nuiiiid, Utwecn it and Castle Il^irl.-r, 
three small auiiiida iu the priH-eiM of funiintion. which pD'M'iit nil thr 
chnracteriBtivs of the luTfKT miuikI*, only on a nKwt dimiuulivp M-nlt- in 
pn>|H>rtiiiii to (he nin;!u of the sea they enchisf. The two nnwt iti(<n-«>- 
in^ arc one to the vnnt of llarriuKton IIoiim-, and one called Well.'* 
I'omI, (111 the ruud tn St. Ceorirp, after jiniuiint; Ihi' KhitH. Thi- Intlrr i« 
an im';;uUrly |>vnr-ehi>|«il, minnitur^' mxiikI. sIhiiii I'lHi dy INii rt-ri. nnd 
l-erUuiM 'J(H» feet from the north nhon-. At iIh Miiithirn •■\lr^-iiiiiy (licrr 
are Iriw criimhliiii; I'lifTti. The depth is wiii) (o be fi'iinreii het. II<<ih 
of (hem art.- men-ly «ink>i clone to the Mea. hut only oimmvidl with it 
nn'hr Kr'"!*"'* <>■>') p<-rbii[>ii IIIIl-iI by pL'n'oliitioii of tlie m'h thmi 




AOUBEEE BCSHUDUL 



cf low iBoliaQ hills. A fni-tLer sli-lil siilisideiiou would chaiii^e thorn 
Jnlo shallow harbora by tho rusliiiig in of the water over the lowest of 
tli« liiviiiiiig saddles. A aimilur low tract eiteuds to the south of Gov- 
)dL House between it and UttniiUoii, with an outlet into Boss Bay. 



DISTRIBUTION OF THE CORALS. 



chi-re reef-building 

cull coral districts areas where 
D types, like Caryophylliu aud 



The Bermudas are the most uortlierly 
eorals are known to occur, unless we can 
Astrangia, Primnoa, and other norther 
Lophohelia, are to be found. 

The absence of Madrepores, to which Thomson called attention, is 
Terj- striking. There are thus wauting the very elements to aiippty the 
bulk of ihe material broken off and thrown up by the sea to accumulate 
KB beaches or islets. 

It is interesting to note that tlie littoral marine fauna of the Bermudas 
U the same as the shallow water fanna of the West Indies, and that its 
existence here is one of the finest eiamplea of the effects of great oceanic 
currents in shaping the geographical distribution of animals the em- 
bryos of which are pelagic a sufficient length of time to be transpoited 
to this their northern limit from the linhamas and other parts of the 
West Indies. During my stay at the Bermudas, every day when the 
irind blew from the southwest or west the common West Indian 
Pliysalia appeared in great numbers. 

Besides marine animals, floating masses of wood coming from t he West 
Indies are frequently atranded on the shores of the Bermudas, these 
sometimes carrying fragments of rorka. A large ellipsoidal mass of 
floating pumice, measuring elcvrn inchea in length, was picked up off the 
south shore by the Hon. Archibald Alison. A similar float, thrown up 
on the south shore, is preserved in the Mnscum of the Government 
Building. This piece ia filled with red earth. 



' The min 
Pcbrnary, wli 
In April iu 
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um lemperatare of III 
it vsrits between 6ft° 

Jiilrtlie minimum !■' 



1 71' 



nr the les occur* in Jnniinrj' ■vil 

In Mnrt'li it varie* (Vom 6J°Ici M°. 

in Mnjr the maximum iilS". 

82i° ; In Au([u«t ilie muxlmum 

ii 830, and (he minimum 75*. 



The lempersturr then fnlln rapiilly from 61>° nnd 74" in October, down to ill" anil 
66° in December. The minims are rcmnrltBlily low lempcrstiires for a coral re»if 
diitrict The above data were kindly furninlied mc by Mr John C. WatllnKlun. of 
SkmUtniL 
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WallHce laji grent itrcsa u|n>ii tlie pumico tlirown up fruo) the Ka u 
beiut; ■ pmwililu eiplnimtiuii uf the iwmrvc <>r mi vtirtti. Altliuuc)) I 
MiiMiiiii>d tfa« lienulivs of tlie doutli itliiire iiiiiny tiiiii:ii, 1 iievvr aiiccvf<l<-H 
in lindiiig a mukIc piece of puiuico. Iteil eartli ia uluiuduul, both at thr 
Itttlianuu* and buruiudaa, in luculitieH tu wtiiuh drid piiiiiice could n>-t 
have acccaa. 

I «a> irrentW stnick with the apparent waitt of adaptntiim to their 
aiim>utidin^ uf tliu culurin^' of miuiy of the IWrunidiiiit iimrine inviTtr- 
lirutt.-«. Tliu (lurk viuli-t Diudeinn and Kcliiuumvtm arc very ci>nini<-ii i-ti 
the fncea of the B(ec|i nicky jiatcliea, uh noil a* in tin- ntiidy lii>lli<»» iT 
the aiirfaaro of the bank. In the one cane they are {wrl of (liv lirilh:ir.t 
IMlchwurk fiirniinK the c4>loring vfthu ni-f anrftici- ; in tlie (•iImt. Hkv 
atand ont moot pnmiineiitly agaiiiat tlie whitiNh .Niilli[KircR. Itinilrrint 
ill Flurida, a* well aa in the ItahaniikN, in i>nen found in tfiloDJiii fniirt-ly 
fillinft the liutlom of aome anndy d«|>rciwiini in the midMt of n «hiTr 
field of anrroniidin^; comlliiic bottom, tlif |iatrhcs of brilliantly ro|. 
ored cntalH and (>i>r)i[oniann themiwlTeo atandiiif; out aa a ahi<li- id 
atriking nintraat to the wliitieh Iwnda of comlliuo or H><ilian Mtid ih']<- 
antiiiK them. 

IVofeaaiir lleil|>rin haa ffrratly addn) to niir knowtiilue of the fiintin "f 
the inlamlN,' wliiuh wan pnrviiniHly mainly derivitl from tin- kki-ti-h of tlu-ir 
Nattinil IliHtoiy hy Ji<ncii,* and ban aluo p^vn a lixt of the h|k-i'ivi> of 
roralfl iH-lonttinK ti> the iHlaiHlii.* 

Ilie low ti'lM pri'viiilini; diirini; the liiat dayn of my »tay at tin' IW 
miidHM enabled me to note tli<> Iiixuriiiiit i.'rowib of Milli-|M>nii ami H-r 
Ipiniaiia on ihf mirfiK'n of the many pali'liea whirb wire n<*<trty nwn>li 
dnrinu tln-xe ilnyx. Tli<< flntH Pit<>n<liiit; to llur n«nK of Iii-l I Mnn.t. 
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, ftbodo of PoritL's ill Fluriiiii, wliere it is uBiinlly most abuudant ou Sata 
BOni or leaa lihc^ltercd. 
The corals at the Uermudas aa well aa at tlie Bnhamas do not gener- 
f lUy reach the surface. They form a more or less cuuiiected belt of coral 
■ {growth in from live to six futhoms ou the inuer ed^- of the fliita to the 
I mter limits, the beginuiug of the broken ground, the corals eiteiiding to 
r ten TatliomB on the southern eea faces of the flats. 



LEDGE FLATS AND PATCHES. 
PUt» 11.. XV., mill XVII. tu XXVI. 

The led^e flati^, piitchea, or coral hend^, are names given to different 
I pwts of the reef, whn:h has universally heeii considered to owe its eiiat- 
B to the growth of corals, and much of the confusion existing regard- 
ing the Btnicture of both the Bahamas and Bermudas is due to the 
I Ikot that corals h.ive tteen nHsigned a part ia the biiildiug up of thew J 
islands which thoy have never perfor 

The flats consist, not of coral heads, though tbey are often so called I 
rlwth here and at the Bahiimos, but of lolgcs of (eolian rock rising front \ 
[*• depth of live to six fathoms or more (Plate XVIII.). These ledges, | 
With their nearly vertical sides and their slopes deeply huneycnmbed, I 
r irt'p rather abruptly into the coralline bank bottom, which forma mora J 
■tr less esteusive irregularly shaped patehcs separating the ledi;ea. The I 
I surface and aides of the ledges ore veneered by corals,' (iorgonians, i 
And Millepores ; the sharper edges of the ledges are covered by incrust- 
(ug mosaea of Ttlillepores, and calcareous and other Algto grow in groat ' 
profusion between the corals and Gorgonians. The Millepores, Gorg(^ 
f BliUis, Nulliihires, and calcareous aud other Algie. are by far the most 
J abundant growtli on the inner patches. On these we find only compara- 
'^ lively few of the larger Micandrinas and Astreas. The massive corals 
I iBCrease greatly in numljer as we approach the outer edge of the reef, 
la specimens appear to grow on the 
fathoms of water. Beyond that, or 
\ fnthoras, the broken ground begins. 



' fend the lincst and moat i 
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n Ibinks thai the patclica have been buill up by tlie conUi. Atlantic 
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inuwi of AIg« and of ror&llina AlgB, and Nulli|)um, with t-nnipnT«- 
tiveljr Tfw nuuHiva uomlik Ab far tu I am mware, tliia brokcu );r»uiii| 
duca not extend uii the iiurthuni uva face uf tlie ledgct aa fur out na •IT 
the Duiithero lod(n;H, whurv tlie fiiilierroeu ruport it« t.'xikteu<.-« to a <li-|>th 
of from Hiitcci) to Mivunteen fathuina. 

The ledge patvliva rims in hIujm from the curallitiu )H>ttiim il<']itlia, 
much aa they fall in MiiccoMivu ledj^tt off ibc ahoru ulilla. At *c itp- 
liroach the iNiiik edge uf the llatit, the IihI^-h iMictitiie Miiallvr, thi.- df|<th 
uf water iucn-aiMii, and llie Hand Hpoces l>elwecii the )«l<.-hvM iiu-n km-. 
ofteti fonniug long tmiguca extending iutu the uiniii IhhIv uf tlif !■ il^jrit 
of the flat*. Many uf the ledgVH m-ur the edge cixiii' iinite (.-l<>»- |.t 
the Murfiue, and a great iiinnlicr are iiuranh nt h>w water, ulthi'ii|:h tlx- 
depth uf witt«r Iwtweeu thnn ie greater thiiii nt thi' iK>int wi- iiii^ht inll 
tlie crest of the ledgua. The iienrer ve cimie to the hn-nkcn. the ^'ti- it< r 
lieeuiuea the wear uf the neu hIoikm of the ledi;eN, ho thiti in n^inv 
phurea their ilojic ia i)iiitu nliru|it, from two or thn-e to liv<' furhotix. nul 
a nimewhat gentler alo|w eiiemle frum thut jMiint M-awnn] t» form the 
liruken ground. 

The high awlian cIKTh of the aouth >.hore |.)^.lml>l.v i-H.-tid.-l t.. tt.^ 
outlying reef, whidi in ilvftf unly ii M-rirs of liil),f!> running: [•:imlli'l t-> 
the oiaat, the ereati of which are luirv at low wiitcr. lln tlii'o- mid th- 
iniier irregular flat kilp'ii which dot the txittuin over iirealiT i-r •'in^illcr 
an>uN lii'tween the ontur liilgvi and tin- ahore gn^w condi mid t'—T^-- 
niiiiia, — a »'oni[mnilively thin vnn-t-r, whu-h Mipidiea, mhi-n d»i»d • r 
iN'iitt-n olf liy the anrf, a |>iirt of the miitcrinl wliirh g»e^ <•• f-iio lli.> 
•midy U-iirhro of the wxilh nli.ire. — IhoOL'h 1>y fur the gn-itir M.itK> -t 
in di-riveil from tlit- diHintt-gmlioi) »f thr ItilgfO ()irti»rli< -. 
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thickiiesB tu cuiiueal tliu origiiitit lod^'eii, uud perliaps iu luaiiy cas 
build tlieai up from a couple of fathoms or bo to withiti tbe limits of | 
low-water mark. Tbeir ^'ruwtli cau in no way be compnred to the □ 
■ive coral reef structurea we tiiid in the West Indies and Florida. 

Off tlie uorth, as welt ns off the south shore, the patches neureat the 
Iftud are merely ledges coasiatiii^ of larger or smnller pieces which have 
!oaie Beparated froru the siiore cliffs by the action of the sea, or else 
' they are more extensive patches marking tlie position of small islaud^ j 
' islets, or rocks which were once more or leaa closely connected with the I 
tnain island, and which now run as ledges pirallel to the shore line..] 
These ledges, if close to the shore, are biirely covered by Algaj and a fi 
barnacles, or Mytilus, or isolatc.l corals, or such animals and plants M | 
e find on the immediate shore line. Farther from the shore they be> I 
1 eoine overgrown witli a greater pnjfiisioa of Algw and Nullipores. 

e proceed from the north sliiire to thu ship channel, we gradually come I 
> upon ledges on which are found corals and Gorgonians, AJgic and Null)- 
t pores occurring as on ihe ledge flats, lint in less pnifnsiun. It is on 
' Ihe outer ledge flats, whitli have probably Iwen under water longeit, 
that we find the most abundant growth of corals. While I do not deny 
' that some of the ledges have been increased iu height, and slightly i 
I < width, by the corals covering them, yet the cerals have played but ai 
I InBigTiilicant part in building np the ledges themselves. The ledge flats .| 

the remnants of tbe proto-Bormudian ffiolian land woni down by 
- tbe itcti'in of the sea to a certain level, and upon these a^olian ledges I 
^ fbrming the underlying fmindation of all the patches, the coral reefs — 
viz. corals, Corallines, Uorgnuians, and Algse — have grown, but only ai 
« comparatively thin veneer upon the pre-existing solian ledges. 

The surface of many of the ledges outside of Hungry Bay on tbi 
aoutli shore, e«|io8ed at low water, is covered with coral growth, espe- ' 
eially the Iodides on the inner face of the outer patches of the ai 
■hore reef. The ledges esposed at extreme low water are irregularly , 
' riuiped, rising from twu to four fathoms of wntei- ; they are greatly imdor- 1 
eiit and abraded, and show signs of the solvent action of the sea. The J 
▼ertical and sloping faces of the ledges near shore are covered and pro J 
tected from wear by a thick growth of Algas and Corallines, similar to j 
the growih which protects the upper face of the ledges. Sut on the upper ] 
enrfitce there is in addition an abundant growth of Serpulie. Between 
the outer ledges and the shore, more or less protected by the isolated 
enter patches extending to.thc reef, a sort of Ingoon is formed. In this 
>on are found numerous ledges ; then, closer to the shore, overgrown J 
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with Al^, Curnlliiics, &iid St-rpnlw, thcro ii <]ec[ier water, with mnilo nml 
(n>r)^i|jaiui. Mtiuy uf tlio Ic<1(^-m witliiii tliu la;;u<'li curiHiHt "f (Iil- iiiiii.:i- 
ture Mirjiiiliiic ntulU im<l rct-h duKcribti) iu miotlicr nvL-tiuii uf tlim ■(■-[■'ri. 
Uii tlie iiiMide uf the outer iM-rjiuliiii! met h:il^, c-uraU aixl (i«ru-'iiiuiiii 
floiiriali, iictMirdiui; to tlic (lt>|ith niiil tlio {Kmitinn uf tin- Ii-iI^-m jiitvrvi'rui.i; 
twtwwii the uutvr reef aiiil the alion-. OlfSirikv Iky the iHitimii outMilu 
uftho outer rvef le<lKGS ia haril. OlfOnHtle IlkrUir, hb fur iiatht- <'t,>ti,Mi-l 
lewliiiK iiitu St. Ceorge lUrlmr (I'lute XXI.), wc- cim reiuhh* tran' the 
grvJual funuutiuu of jhIkdiIs hiuI inlotH urigiiiiilK' ouiiNtitiirini.' tin- •■•ii- 
tiniiuuB liarrier to h mdiii) foniif-1 hy the tin-Hkiiijc lhn<ii),'h "f lh>' l<>ii<r 
Mdilkii i>f the ritt|;e« dividing it frmii the kvh. The oiiU-r r<>tr I'f iliv-o 
ialeta mid islundi dilfL-rs fnnii tlit; itiiiLr mio in hnviii^ viiiii|Hiiiitiii [y 
wide lifitp.'o, projecting nmud tht- Uw> of n ct'nlrnl piiiiniL-li' iikti' or I. "i 
undurciit. As thi- ccotrtd [liiuim-li'H arc i-iit nwny, thfv U-iivc «nly u nur- 
row ridjce on the bmad jdutfomi, tlie rid(ni tlwlf al«o di»i|>|H'iiro. ni^l < n 
the outer line of ledgcii hnvc cniwn AIkk-, Svrpnhc, iitnl kUht Kr;;:!!.!'!!!-. 
whidi {trvvont iii some ««*■» tin- further wi-iirinj: nwny <■( ih.- vi.-i- 
M^; pnitectini; its uiunt oxj-mfd [HirtH. The hi'ii lirt-nkiii:; ii|>'ii il"- 
ui>|M.-r aurfaci.' uf the h'ltjjt' Hi>un fiirnii (he mote iir h'HN riiinhir i-i'r|>iil.ii>- 
atulbi and '-tM.ihra" of the mmh shore wl.iL-h hiII Ik- deHrrilK-d lul.r -... 
They nre found on nil the l.renken on the oiili-r Kid.< of ih.' r.'i( I..L-.< 
flatN hke Mill* Itrctker. the Norih K<H'k, nn.l „()i<tk; MrpnUi..- r.-. f-. 
eiU-nd oir the hendhind on the w.->t of Ihur.-h liny. The >i..»t\,*.-.t 

Itrenker ih the wextenii t of the line ><f M-rpiiline re<h hkirtini: il.o 

•unth Ahon-H. It hnn tlin-e "U-ilen" on it, n lotn; one nnd tH« -[.,..ll. r 




iiig to their position, the flfptiis in wliicb tliey are found have Ijcan 

transfiiriHeJ into the peciiliac iigglumeiittum of reefa and ledges uff the 

•outb shore. They funii ou incipient ledge flut, tis it were, i)f which 

the outer lino is stiU very prominent, and whiuh the outer breakers 

' bare not aa y'ot undur mined ami eaten away, bo aa to leave, as they 

' do ronnd the ledge flats, only a few isolated rocka cropping to the siir- 

fm». Some of these ledges are a humlred aud fifty feet in length, and 

I aven more, with a breadth eipoaed at low water varyiiig from two or 

I three feet tii thirty or forty feut ; othera are only small pinnacles a few 

I feet in diameter. All, however, present nenrly vortical fai-cs, and rise 

ftbniptly from two and a half to lour fathoms. They are all more 

or less undercut, eaten a»ny, of irregular mushroom ahape, aud the 

hrenking up and disintegration of the exposed piimacies after they 

have been so undermined as to break from their base supply a large 

UDonnt of tlie material thrown up on the beaches. 

\ section along the slope of the sea be.ich of the south side of the 
taland shows firat a shore line of flats, ledges, aud pinnacles, then a sec- 
,OI)d or a third row of niushrooni-sihnped undercut roeks, some reaching 
to abore low-water mark, others barely awash, or a few feet below. A 
few of the ledges may still be aurmounted by leoljan rock pinnacles, 
while the submerged surface of other flats is cither protected by Algte^ 
CoTnlliues, or Serpula?, nud according to their depth they are chnnging 
or have been changed into serpuliiie reefs. A few of the ledges in 
I deeper water inside of the outer line of ledges are covered with corali 
And Gorgonians. The outer row of ledges forming the reef do not 
differ from the rows of rocky ledges inside of the reefa, or from those 
close to the shore. Tliere are ou the outer lines, however, no ledges 
Burmouiited by pinnacles, most of them having been changed into boil- 
ers, or into long ledges with winding or 8-sliaped vertical walls, the eur- 
faco of which is protected by Algie, Serpiila?. and other growths. Outaida 
of the outer row of ledges we come iipon the broken ground bottom, 
which consists of flat ledges extending from five to fifteen or more 
iiitlioma. Upon these in the shallower purls flourish the massive eorala 
and Gorgonians, while over the deeper parts extend mainly the Gorgonians 
and Algie, as well as Corallines. Such briiken ground bottom oecura off 
Chaddock Rar, off Long aud Little Bar. off' the Chub Heads, and all the 
way from the Southwest Breaker outside of the south shore reef to off 
Castle llarlwr and off Hi. David Head. Similar broken ground occurs 
wherever on the Admiralty Chart it is marked r, — off' the Mills Breaker 
Channel, outside of the North Rock Channel, the Eastern and Western 



242 bullehn: HrfiEiru op couparative zoutoor. 

Blufl Cuta, mnd Cbiib Cut, us well m Iwtweeii Imuk Itar and the Wiiit 
End I«dgt) Kliit*. Tliero are uiitaidc of (lie recf« mniiy nrtiui nf nx-kr 
liuttam, marked r on tlie uluirt, the rcmiututa |irubul>lj- uf vxteusiite 
Kulian ledges. 

Nowliere do we find more fantutic shapes in the pinnsclet rpninin- 

ing on mme of the ledges thsii those wliii-li nro m!C» to the th >■{ 

Moueauch Island, and extend to tlie eastward tuwani St. David llfud. 
Ilie islands [lass into pinnacles, into ledges, and fiiinlly into iHiilem, in 
regular suucussion, and in pnigiurtiim to the eipiMed conditiim o( ihrir 
pniition. Siutilsrly onxled pinnacles are also ai-en (i» a sniiiUrr <uvilc, 
but of fnlljr as fsntnstic sliajica, in St. tieorge IlarUir, in Mullet lUv. 
and OH tlie south side of the causeway on tliu wcsteni side nf ('luilu 
llsrhor. 

The patches outside of the reef ofT the MOiith shore ran lie rii-nrU n-x-t\ 
eiteudiug a short ttislitucc to xin^ sfpnnktt'il hy irregular whiti- pniihe^ '•( 
■and. The inner kitges, forming Die juttrheH iN-tHven the <>iii>t n-i-f :iii.| 
the sliore, are must capri<;i(>UHly distrihuleil. DutHJde of the nt-f "il il>i- 
■until ahore the corals do nut socni (■> thrive, and tlie liroken i;r<iiin'i i^ 
eoiii|Mm lively hnrrcn, tlmngh we find an «-c(uii'inaI |Hit>-li whrrc i;.t- 

guuiaus, Algw, and ninmive comU are more alaindnnt. Tl nl 

growth is more tlmt of the lirulten gn>nnd than of (he reef flut loLis 
or of the connecting imtches. 

I(eil|niii Iim noted tlie greut im[>i>rtancc which the Mille|>iirri> inki' in 
the cinipMitiitn of the liank wind tMtttom. On the Mnilh shon-. hIiiti* 
Serjiiilte are *■ iihnndnnt, the rrngnu'iits "f their pinkish shiinii;; mlv* 
can rvixlity lie dislinuiuxheil in the r.uimer frs^mentH of llie oitM.I il.r...... 

Hi'liex i>l<.iii: the i.)i..r.-. Whil.' it> llie lUliiim:.. I ■>... 




of coralline , . , iletaclicd and broken," is deriveiJ from the rehondling 
of the ledges of ieolian rock of tiie former sea-shore. The comls now 
I growing ylny an iiitiiiilesinial part in the forming of tbe sand dunes 
I which " Btand on the emineueea which to-day are the Bermudas." His 
dMcription would apply to the original reefs from which the Berwiidian 
bills wore formed, but is scarcely applicable to the work doing in our 
day. 

Heilprin, after quoting Dana's description of the reef of an atoll, 
finds it largely applicable to the condition of the Bermudas, an opinion 
to whiuh exception must be taken. From what has been said it will 
be seen that the Bermndiau conil reefs have little if anything in com- 
moD with the coral reefa of an atoll. Certainly no more erroneous atate- 
tnent could be made than that " the more seemingly favored patches are 
the creations of the surf themselves." The Bermudiau reef corals are, 
like the Bahama reefa, submerged, rarely come to the surfiice, and have 
not aiipplied any consideralile part of the material which has gone to 
build up an extent of land either in the Bahamas or the Bermudas. In 
tbe Bahamas the corals floitriah niiiHt profusely in depths of from five 
to twelve fathoms i at tlic Bermudas six to seven is their limit, and 
those on the sea face of the led|^s do not seem any more abundant 
than those ou the edges of the flats, I was not able in the several 
■eutiona I made across tbe sea faces of the sonthem reef to find 
the unbounded provision of coral growth which Heilprin observed. 
la fact no one has bettor shown than he that the coral reefs which 
now encircle the Bermudas have had no share whatever in their 
formation, and I fail to see how the fact that subsidence has given 
to these islands their outline of to-day has any bearing upon the theory 
of the formation of coral atolls by subBidence. Any land surface oi- 
jjosed to the action of the inroads of the sea owing to its auhaidnnec 
would have been eroded to some extent according to the nature of the 
rocks composing it. The subsequent formation of a thin veneer of cnml 
reefs npon its sunken IMges would not have anv bearing on the theory 
of the formation of tliick masses of limestone by subsidence. It may bo 
interesting, in this connection, to refer to Heilprin's statements "thftt 
the present form of the Bermuda Islands bears no relation to the ring of 
ftn atoll," and that " the eiislenco of nn atoll is not demonstrable." • 

I fully concur in what he says regarding the aubsidence which 

followed the elevation of the islands to their greatest height. Heilprin 

was impressed by the absence of locwe boulders of rock (coral 1). 

' Bermuiltts, p. 4!1, 
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This !■ nnturml, Tor wo fiiul on the Itit^es or tito Bermmlu mainlT so- 
liun rock itiiuwes rc:ulily cniinbliii^ to piL-evo, it tliiii ain] lielt, ui'l l>iit 
little luliJ iniiteriki to Iw hIiii|)ii1 into l>»ul<k-ni l>jr tlic una, aiul ainulnr 
to that of Kcfa stinUk'it with iriiMiivu conils and Mn(lrf|Hiiva, which nrv 
naiially crow<le«l with txiriiit; AnncliilH, S|>uii}.'vit, wul Miillii!>kH,aiiiI mhn-h 
thrive in atich lucitlitieH, hut find nuthiiiK to ttnsd ii|hiu in (ht- ii'-<Ii.tii 
rocks fonnintr thv hnne nf ihe hf)t;i>ii i>r the Itonniitliw, or in th- iioh.tti 
■and flntH, th« iMiltoni of whiuli iit roiiHlimth' kv\A in niovcnicnt. Oi^i> 
(itidii unly occAHiiiiiHlly on the U-achuH or ilii- wnKh Hh«n> verj' lini:tol 
dcgHMitn ur fluttcncd gichhlea conijNXted of Limda, Tnipnvnti of ii--'Ii.tn 
Icdt^CH, and ahclla of Niuwa. 

Wo cun Kiidily roUoir utT the north nhxre of Si. Iie(ir<„i> (Ik> tnim^ti-n 
of the K-<i|iiui Hhore IcditoH into mnhhriKmi h-<l|;i-n, or i.tlwr [uiti-hi-K .tmlu- 
ftlly t>t.-coiuiii;[ coated with contl ^rowtiiH iim IIh-v ci>mi' nciirrr the u.A-.it 
chnrntel into iliv|H'r whUt tnwiinlti Mnrnty Anchomtie. Wi- liti<l h-rt- ..U ■ 
a few Heriiiihinr ntolU and fni^fmi-nlM of vi-rtind wnlls |in>lit-l(il l.y Al_-.f 
or other tinothii. SiiririiHnnni, Al^if, and ( 'imdlinvH iiri- cnjn-i-iiilli .ii'':n- 
dant on (he iiiHiitc lfdL'>->>- 

The Muf* I hitvi- cxaminiit ii»m<H)iuti-ly n<>rlh of rhe main . h.iiiin-l. 
the HoiitheninioHt |Nil>-U<-Nnf lh<< r<.niiiftin<; h->li:c-.. idl ].n-<u'nt ii viii, ■>:iii. 
ilar Mtriicliire. They an* ih-e|ily pr>Mh-<) on the niih-N and oiirfiK-. Nii.i' 
tinH>M one Hiile drojM iimrly Vi-rtically fmin a >lr].tli .-f Im.i t-i tlm-' f- • I 
at hiw water to nil or wvi'n fiilhiiniH. The !'>)■ i-< iiiuM- -ir h'» flit, r.- 

nemhliiitf the h-d^:.-* near iilior^-. an<l diirerink' fr-.m thn ily >i. Uiiij . ..\. 

en-'l liy a lhi<-k ).'rowTh cf AL'ie [iti<l ('omlhn.--.. whi.h |.n.i.Tt. ll,. ir -Ui^f 

etl;.'<>ii and ruV^v-, fr-ni ll m->-ta of the mi. Hi.- oihrr {:»:■■. »■•• n.-r.- 

or h'>». Hlo|.iiii;. .lrM|.].iti:: in -leim n>ni-h tix lli.- .i.-.r.' .IiD'h .l: ..n.i ll,. > 




D ahelres or very varvin;; wi^illi, tLTniinntiiit.' citlicr t.brupUy, or passing 
into duepcr water, either hy one or miire steps, or by a gradual slope. 
The shelf immediately above low-water mark is (isually protecteil ngainat 
ftbroBJou by apeciea of Algte, or small barnacles, or pati^lies of Serpuln 
or Mytihis, or a thin coating of Nullipores, while lielon or at low-water 
inark SnrgasBum aod coralline Al^ begin to grow. 

It is ea^^y to tmce out on the chart the former connection of the flats 
with the present land aiirfauea iu all directions. The evidence obtntned 
from an e;ianiination of a number of ledge patches between the noKh 
ahoro and the aouth side of the main ship channel is most coucludive that 
«U these potuhes are only tcolian ledges, parts o[ tho cliffs which once 
were connected with that shore niid have become separated from it by 
causes similar to those now acting opon its olilfa. Upon these ledges 
liave gradually grown Algse, Corallines, a few Porites, Goi-goiiians, and 
Millepores. When the patches are close to the shore Alga) predominate. 
The shore cliHs extending into the sea nsunlly have vertical or steep 
faces, and one can readily follow their indented and honeycomlwd out- 
lines to a depth of thi'ee to four fathoms or mor«, where the boae of 
the cliff passes abruptly into the coarse bank bottom. An examUmtioa 
vf tho patches to the noith of the main ship channel shows ledgca witb 
the same atrnctnral featnrea, eiccpt that their surface is toore thickly 
ooated with comls, Corallines, and AlgK, as well as Millepores; we find 
m these patches, hu 



t their Diiuil>er 
•{ the ledges 
d A gie. Off Bailey's llcaoh 
ea rming an outer barrier to 
n separated what now forms 
pH h B of ledges are more iso- 
B , from live to six fathoms 
r belt of le<lKL-s may 
of corollino and 



rI^o a few indistinct serpulin 

cannot be compared wit 

sre only protected by aia lan 

them is a row of iaolat nd 

the bay, the remnants o wh 

Bailey's Bay from the s 1 e n 

lated ; they stand out t a y, or n 

of water, while those in deeper water n 

l>e more or less choked and covered up by the masses e 

wolian sand constantly nccnmulating and forming there. 

Some of the ledges which are nut too far removed from tho shore 
lino, like those off Bailey's Beach or some parts of the north shon! <iff 
Spanish Point, are moat instrnctive aa showing ledges which still are 
eap|Kd by ffiolian pinnacles, of which the icotinn stratification is most 
distinct. In the submerged base of these pinnacles the stratiticatioD 
has completely disappeared, and between high nnd low water mark tha 
owlian rock has been changed into a hanl compact ringing limestone, 
aore or less worn and honeycombed by the solvent, as well as the 
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tnecbanioal, actioa of the aeo. This imgulnr honercombcd uid CBV«rni>ua 
■urfttcc extetids to the buM of the Mge, where it pOHWH into tlie commw 
tttiik bottom. 'Ilie btuie of ilio Icd^ niav ■jircHil sonicwhat, or it ninr 
bftve heen gre&llj donudcd ftl>ovo low-watvr mark, bo u to fonii a wiilv 
1mm for tlie Kotian pinnacle ■urmountiiiK it. The iiitvrc«tiug ftntitrr. 
however, ia to trace the gradual increase of coral and tiiiri^iiiat) iw wvll 
aa Niillipore and (Coralline ip^wth ii|kiii theito ledges twiow hiw-walrr 
mark, an we eiamiiie them liuth in det-jHT water and at n ifrcaler dii-inife 
from the aliora. Si> that wlit-n we ri'ocl) a certain diMtanct- from i>h>-re 
where Icdpm surmounted br aidiiin giinnacten an> rare, ami where we 
find vnljr ledges reaching up to Inw-watcr mark, we iw«mi |>iuut into tin- 
coral [Nitchea, where the coral in^wlli him become mo vipiTous (li:il it 
a]i|)eara at fini gliiuce to have lieen ilNelf Iho builder of the pntil«'>. 
having ao con)|iletelj- burieil under ita ciNttIng the B-olian ledge almh 
conslitnlee ita foundation. rnlcsM one linn trucol the gradual develi-j- 
tnent of thcM coral |inti-|ieii from loilian lotgeM through all llivir (r^nm 
tionii, Huch an interpretation wouM lie nioat nulnral. 

The rockit and loIgeN offl'mw Point out to the ship clmnnel. aii<I ib.- 
Mckit and ledgex off the north end of Khelljr lieat-h (the Stags.}, le.i.l^iij 
to the outer palcheH as far aa the south aidu of the niuiii aliiji chanix I, 
all tell the Mnnie story. Wo have everywhere the gnuliinl cliniige •■f mi 
volinn ehtr which ban lN.-<-.>nie detaihe<l frtmi the shore |>a»i.i(.g nil., a 
letlifi-. and, aroinling to the dixiancK rmni the shore and depth of »»i.r 
lieeiiiiiidg a hnlge condil with M ille]>«res, Algnv rnnillineH, and e-.ril 
growth, kix.vii as " <-«m) liends." The mon- iiuiMtve cmlii and r.r.-r, 
ofCoruoniiiiix thrive lietler on the (uitrheii near the flats, or on ihe h.kr 
ftatH Iheimu'lves. There ia a fine lot of palilien li> the w.--lunr.l .f 




Iflland Fifit sbows them to lie siniJljir to iliosc of corres|iondiug poBition 
which we exanuued off tlie north and south Bhorcn iif the niuin iglnEid, 
and there is uutbiiig to sliow that iht^y, any moru thau the ledges jitat 
mentioned, owe any cuUHJclerable part of their increage to coral growth. 
"VVe found here miiny piiHibes of limited extent, with nearly vertical or 
ateop faees, greatly huneyuonibed, and worn and covered with Algte, 
Corallines, and coral growth, some of theiu rising from seven fathuma up 
to near low-water mark. 

The corals on the ledges of Brackish Pond Flats 
on the patches as they increase iu distjince from the n 
the appearance of the animal and vegetable growth o 
ticalty the same on all the ledges uf the Bermudas ; 
quantity mainly. The greatest profusion of corals 
fur as I have oliserved them, has been found c 
of the northern, norlhwestent, and northeaatei 
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u profuBJoa 
n channel. But 
J the ledge in prtu> 
it ia a qtiestiou of 
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I parts of the banks. 



the west of Ireland and .Somerset Islands are 
} to the westward, and form a continuous lino 
teni Iteef Flata. They constitute a series of 
s which have been worn away from the shore 



r from tiie edges of former iagoouB and sounds, and have been 
overgrown by a thin veneer of corals, Millepores, and Uorgonians. 

The west shore of Somerset haa been greatly encroached upon by the 
Bea ; its northern extremity has been divided into a nunii>er of islanda 
terminating with Ireland Island and the islets flanking it. One at 
ita cxtenaiona forms the western line of rocks and islets of Mnngmvs 
Bay. It was formerly connected with the spit running from High Point 
to Wreck Hill, but the sea has eaten its way through, and the islets run- 
ning north from Wreck Hill are the western barrier of Wreck Bay. All 
klong the shores numerous mushroom -shaped rocks are seen, either iso- 
lated or Mtill connected by a basal ledge, especially in the ledge running 
south of Daniel Island, From Wreck Hill Bay to Ireland Islaud innu- 
merable ledge patches are found, with friini two to six fathoms between 
them. These patches extend in a ^vido flat to tha westward, forming 
what is known as Elies Flat until they join the western ledge flats to 
the eastward of Chub Cut, where there ia a narrow and somewhat intri- 
oate channel with four to five fathoms of water leading from the inner 
waters to the outer bank. This channel separates the Western I.edga 
Flata and the flats to the eastward of the Blue CuU. The bottom of the 
channel is covered with mnaaive corals, Oorgnnians, and Alg^e. An 
examination of patches which reach out from the shore, and have been 
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diiM.-oimKtcd rroiii it l>iit ciiiii{Mrutivclv racviitlr, give* iim tlir kiv t>i 
tlie roniMtion uf coral hmi\a luiil uf tliu Man flaiK. Mititv of iLi-w 
|ititchi.ii are not ax }-i-t covi-r<-<l witli eunil ^'rowtli* of luiy kiml, aii<f i)ii-:r 
origin call Htill Iw [iluiiily tractil. From tht-M.- «e |»iih to tiii-rv >li«(jiit 
patclivH, iu Hunifwiiat (1uc[h.t water, im wliicli Milli'[iun.ii, tii>rviiiinii% 
AlgiL', and coralllncB liuvo lic^uu to obttiiii a foutlinlil, Imt of «liii'li llx' 
l«tlgo atruvtiira iaatill a|>]iarvnt. Some of tliti liiIt^-« hikI [niIi-Ik'h <iii the 
north Hide of S[iiiiiii)li I'oint aliuw admirably tlie ]NiHMa)-i> frum tin' h'oI.iii 
rock eliRa, wliieli liavo ralk-ii iiitu the aea coven-d inily with a thm oar- 
ing of Al^a', tn ledgea with a more ahnndaiit k"""'* "f l'iinitlin<'> mi-l 
Al^'d-, and finally to jHitvliva witli ctimta and tiurfpiuiaiia at a t-'r* '>!<-■' 
diataneo rn>m the ahuro. 

The mouth of Wreck Iliiy ia jirotoeted l>y n nnmln-r of inhmU rntiniiu- 
acroaa the ojienin); of tbv Imrtmr, the rvmnaiiln of the hunl uhi.h -u.--- 
Guii»ectc<l Siinieract lalaiiil with the niiiiii i>>land. The nn-kH mul i-l- to 
Iu th« weatwanl of Mancrovo lEay are the coiiliniKilinu (» the m>ii(l> i^I a 
B.-rie>i of Wkch which eonrntted it omt- with In-Uix) Muiid. Tr:»-. . , f 
the iirolti-lk'niinilian Imid are fonix) in the intniy ixtiehen i.( W.i-,^ i., 
the wealwan) of Inland latainl which eilend toMiinU Creen Kl-.t ..1..I 

theiice tit the weit of Maii^n^ivu lUiy. rciichint; i>nt t<> ('xw i:r< I KL.t. 

The lulehea U-tw.-en Wreck Hi.y hikI lUniel M.m.I reiuh out t.. I.I,. . 
Flat ami connect with the Chuli Cut Fl.it. 1 1ny an- th.- n..r(l.. mi 
IxMnxIary of an cilenaiv.- aoniid \h.»wM oh the Ninth ami w.M l.v i1..- 
flatF. r<-n<-hini.' to iht- Hf-twaril of llo^-fiKh Cnt. ami bwi-'-[<iiiv' ii-rlh< rli 
ea-t ''f the ('huh ll<-a>lh to join the Wi-r<t.-ni ij-.ti;e Fl.it.. }^,»,:intU. 

ai>iith.>f(-hiili<-ut, KheoFInt in the >nnk.-n 1 ndiiry ..f u Mn»ll.-r ...«iM 

li<>iiri.l.-.| on th.- n.irth Uy ih.- woi.rn e\t.-ni.i..n i-f ih<- <'..» <;r»ni«l Fl .t. 




appear to Imve tlii.ir limit ill, ft [niicli less dupth, in froai five to eevea 
fatliciins. Hfvoiid tliia ilejitii tlie brukt'u ground oeU in, wbiob the tish- 
I «rroen atiite timt they tun trace to seveiiieen or even twenty f&thuins. 

The \edgee on the sidua of the causeway coniieoliug St. Geurge with 

b lbs hills to the east of llairiiigtou Sound, together with the flatu wliich 

\ eonnect theiD, indicate the former exiatenee of acbaiu of hilia which have 

u diai lite grated. These Data form the [jlntform of the east and Uurth 

Bides of Castle Harbor, and they give us an eiplauatioii of the sniid 

flata to the westward "f Ireland Island. The catieeway Hals ore iiturolly 

jutuked with coralline Algie. 

To the northwest of Western Blue Cut there ia a stretch of ooral 
covered ledges, whith, like the ledges to the north and east of a line rmi- 
tiing west of Ireland Island, are aomewhut isolated, and have remuinetl 
dioconnected from other ledge flats. They have not, like the Devil'* 
Flat, and those to the westward and southwestward of thuiu, Iieun 
poniided and ground up to form t^oarae sand ledge flats with Bt««p 
' Hliipes, from the surface of which scattered HK>lian ledges barely project 
high enough to allow a scanty growth of Milleirares and Gorgoniana. 

On the inner side of the reef massive corals do not as a rule seem to 
flxiat beyond four to sii fathoms, the point at which the great expuniiea 
of coralline bottom begin, and which extend nearly unbroken to the great- 
est depths of the inner waters on the Imnks. 

The greatest width of the belt in which 
«dge of tlieso flats or patches to the outer 
alKiiit three miles at the casteni extremity. 
the land and water belt included between tli 
entrance to Castle Harbor. The belt betw 
Hill is however 
western end it is 



jrals grow from the inner 
tin or seven fathom limit in 
This is nearly the width i<f 
island of St. George and th« 
n Ireland Island and Oitihs 
ideral>ly wider than any of the ledge flats. At tliO 
more than a mile, the ring of ledge flats being wid- 
est weal of Mills Dreakers, and diminishing towards North Itock. The 
ledge flats are much narrower along the whole western and southweaiem 
facfl of the Bcrraiidaa. The gradual shelving slope of the ledges which 
have been abraded on the sea face of the flata ia welt seen between IIm 
entrance lo Hogfish Cut and the Western Blno Cuts. The Little Bw 
aud Chaddock Bar fi>rm two wide spits with a gradual slope from two 
to seven fathoms, covered by Oorgoniana, Corals, Millepores. and Algs. 
li'ing Bar is a similar ledge, separated however from the Wcsteni Ledge 
Flats by a channel of from sii to seven fnthoma, the Imltom "f which 
ia covered with corals and the attendant AIgn? and Sargasium. TlirM 
bsra arc full of just such ledges aa have been described, only they bftvv 
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been tho first to feel the effect of tho inroads of tlic sea upon the [■rut'>- 
Bennudiau luml, and liuvu liceii altmik-d tu a ^^reatvr di^irtli. We find 
on tlieir slopes as uiiidi as four l» fight ritlliums as a Kt>neral dvplli ; tlie 
chtiniifli bftwi>cn tlni lod^-s aru in must L-naes over|pt>wn with i.i>nd and 
Alj^a;. Uutsido of thu six or seven futhnms at whicli tlicy slill floiinoh, 
<jur]><imBns and Algu.' eitend on tho lirokcn ground down tu a dfpih ft 
■uvvntecu to tweiitj' fathuuis, with here ami tht.-re an irnt;iilar Mindr 
jmlvh lietwecii tlie ledges. In the chiinm^s hetwLfu I»ni; liar bihI I.ittic 
liar and the Lirdge Flats, which have a genenti depth of sii t<i t-i^tht fiilli- 
(ima, corals and iiurgoiiians grow in pHtchcn which arc H(>[mriitrd l>y ronrM' 
lianlc sund. Tho same sluite similarly overgrown extendH to the < 'l>ul< 
(.'nt, and from the WeHtern llluu Cut it lM.fonii.-H tmrTvwer tcwanU th<- 
ijiiudieni lAHlgt) Flats. 

On crosaing the lAslgo Hats opposite the sonlheni eiiil of I^oiit! ''"■r, <■)■<■ 
mveta tlie same ledges, hut mure worn atul uovenil hy a InrgiT iiiiriil'r 
uf massive cwruls anil <iorgunianii. In the chiinnel U-twi-t-n the .<^<»itl> 
west Utlgu KUtM suit i^mgllar, whii-h is itNciriii«diMip(>f |>Hit-h<->>Muiil:tr 
tu thiise of (he outt-r c<lge of the Southwest l.«tlgi- FlatM, the hi-iid* nnl 
|intchi>a do not come su niiir tlie anrfiu-e. thi-y form ]Hit<-hes of iiin^Hn ■- 
cornin, < •orgoiiisiiK, and CiirHltincM, or Algii- w|>iiru(i^t l>y areiui of <-l( ir, 

cotinw hank sand Imttom. Such is the rhiinictiT of thi- outer ri f tl.>- 

m-f, whi-rcviT we i-tHHiiiic<l it, to tho wi'Mwnnl of Ilo-.'lUh Cut, iH-ynil 
('hit<ld--k Iliir. •■utmilf of ri>ul> Cut, to the w<-h| of i)i<> Itlue ('ui>^ "'it- 
side of North lt<Hk FIhIn and to ()i<- »>ulh of MiIIh ISrt-nkir and olT t1..- 
outrr r>i-r of the si>uth sh-.re. The M^v pitlrheH and othI h.wN ni.-r<':i>- 
rwjiiilly ui hfifht and mimU-r ns we ajiprosrh the i.ulcr wim- i.f the 




u to the blink bcoomeE bard, and 



Cut in eight ratliotiis, as it passes 
is Covere<l with Tlmltuisia. 

Oa ttic iiiuer edge of the reef to the north of Three Hill Shoal, 
itArtini; from Millu BrcHker Passuge, we could observe ill the close 
network of ledge piitchea no diSereuces betwe<4ii them ajid tlioae of 
other localities. The maasive corals are perhaps liner and more nu- 
merous than elsewhere tm the reefs. The Mu^andriuos and Astrsans 
are more abundant, ai^ well as the (iorguuiaiiB, Algte, and Corallines. 
The submerged faces of the reef ledges, iie examined through the water 
glass, show no difference frtim those of similar ledges, such as ne see 
rising from six to sevcu fathomx of water to a depth of two or three 
fathoms at low water, on which corals, Uorgonlans, Algte, and Ciiml- 
linea have not as jet obtained a foothold, lu the deeper parts of 
the interior sounds, in from ten or more fathoms (sixteen at the out- 
side), the bottom sand is much coarser than we find it in the shallower 
{Wt^hos somewhat proteeted by tlie reef ledges, or hi the reef bights in 
which patches of Baud run in a considerable distanee between the ledges. 
The reef leilj^es close to the edge, with nearly vertical or very steep aidesj 
iu from ten to eleven fathoms, are often separated by deep passagea 
covered with sand, though occasional patches of Gorgonians and Algie 
or Corallines grow over this bottom, and form connecting bottom stripa 
between the ledges. A considerable amount of dead material accumu- 
lates at the font of the reef patches and ledge flats, and, according to ita 
position, is being slowly ground into the characteristic bank sand bottom 
composed of fragments of Millepores, Corallines, Algffi, Gorgonians, and 
NnUiporea. 

The " breakers " known m apecial rocks on the outer edge of the reef 
flals, such as Southwest Hreaker, the Mills iJreaker, North and Northeaat 
Breakers, and many others, of which the North Rock is the most promi- 
nent, are the remnants of blauds and islets or of ranges of R?ulian hills 
which once rose upou the outer reef Hats, and surrounded the now 
siniken sounds, the lagoons and waters of the inner part of the liermudaa 
to the northward of the islands. They have by most observers been con- 
sidered as owing their origin entirely to the growth of the corals we Qnd 
thriving upon the surface of the ledges which compose these patches. 

There are also three i<r four breakers bare at low water between the 
North Rock and the PiUhard Dicks. The Southwest ISreaker is tha 
westernmost of a series of ledges parallel to the south shore eitending 
to the eastward as far as the entrance tn St. Geoi^e Harbnr, the nsnlian 
character of which can readily be observed. The inner ledges extending 
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from the wutli sliurc revr towanla tlio nmii) JHlaiid an tlie reiiinaDtB uf 
lliL> [iltitfontiK ttt rocka mw rixiiiK uImivl- hiiih-wmtvr murk, nr f>>riiiini; 
perliujtx Miull iHluiidH, rui'kii, uinl iHlftH aoruiui the lia\» wf tW |in't'>-]li r- 
inu<li*M luiitl. VV« liud tu-ilny hiioIi JHlniidri niid ruck* M-|Mintiiit' ra^f 1- 
Iltirbor fmui llio hco, tlioM Avrutw tliu iiiiiiiili of St. lieorKe, or idaiKli 
bi;l(>ii);iii^ ti> au uiiti-r tiuu at iLilgvM wliii.-li uiity W viitin:l,v d(M-i>iiiii.H't<'-l 
fhiiii liind pruinoiiturivH, <ir fui-m, iih tlivy ilo avruMi Wliule llnv. SmLv 
Itny, mid parta of other ImyN, no uiitiT ImrriiT prutvi-tiiiK tlw whkIi >.],■ -n- 
■uinenhAt rrum tlit* l>cutiii(; of the Murt' till they have crumbled and in 
turu tMwn rcduoed to lodtiea lure <iiily at |i>«-witter mark. The true 
character or many of thu h-<l^i-a fnniiiiiK the DiirH or the miiiKvtit.^ 
|HtteheH ia hiiMvii by the c»nil ).Ti)wth. Iliii U>ih mi (ho ihtiIi iiti-I .'ti 
the aiiiilh ahurv wi> oui follow the [MtwuiKC of the h-i>Iiiiii roik l-k" i 
as they reueile rrom tliu Hhore, from nearly tmn> lol^'iii hlil) niiiiu'< t><l 
with tliu iilh-rc i-titrii to the conil ]iiitt-hcN. The leil-n; at Itni.'L'H Fhit i% 
mitiiily ii'vend with < InrfioiiiHiiH and Milli'ixin-B. \Vc find llien- hm f.« 
biwla iif imuiiivti eoridii ; they are miiiiII Mn-iiiidriiinH atnl Am raMiio. t'- 
Kvther with an nhnndunt crowth of Snruiuuiiiiii, Ali:ip,iii)d S|'<nL'<'>t. 'I ).- 
S|H>iiirfH iin- iiiorp iihtuiiliuit mi (he i-mi tufting ll-•lp'^ if I iii:iy m- • .>d 
the [iiilrliro citeiidini.' fr-iii the iiiir(h nidc iif the iiiaiti chuliitel IoH.ii>iii 
the HritH, (hull ihev iiD' ii|Hm the o-iter li->li;e flik(H. 

An fur ii-i wi- etui jiiiliie fiMin hiii'Ii all eKiitiiitii<li>>ii an rail 1h' iiiaih- in 
rroMJiia Uie iv.-f l|:iI-> fnilii (he inner anlen. (■■ tlie ..|nh wm m th,' ». .-. 
(iolia iM-n.iH the reef iil ll..^'lmh Cut, nirow li.e WrMiTIi l..-<lL-e M<t. :.t 
l,i(tlo lloniiid •>|>|H«i(u the weM eii.l of biiii; ttiir ..(f the I huh Ih ,.■!.. 
atTi'KH Chiih I 'ill. niriHiii the llliii- ('iiIh, nrriwii iit the N<>ithH<-.trin I.eiL>' 
Kh.l-. iieroH. nt the North lt."k. NoHheilM h hit-, .Mdl- l-.n^k'T fi."n.-.-. 




OutsiiJe of tin: reef to a ilcptli of tneiitj- fiilhoms wJiieli are tnurked 
rocky (r). Thesu spots ari; most prubiiUy tlie outcrops of leolinn ledg«8 
or the proto-Beraiudiiui hill Inndit [jrojectiug slightly above the sandy 
bank bottom ami farming a part of tiie broken ground. Beyond llmt 
depth (tweuty fathomsj the leud brings up wbnt is called coral bottuto, 
made up in great ]uirt of a^olian saud and of fragments of Corallines, 
AlgDB, and the like. There are also patches of this rocky bottom inside 
of the reof ledges, ns for instance close to the Western Blue Cut, where 
all the hauls of the dredge only brought up small quantities of the bank 
■and bottom. 

The bottom over the Bermuda Bank is quite uniform in character. 
Tho greater part of it ia covered with leuliiin sand of different degrees 
of eoarweuess, and more or less mixed with fragments of coralline Algse 
aud of Millepores or Gorgoniaua. 

In other localities the surface of the old ceolian rocky ledges is exposed, 
and is comparatively bare of ffiolioii sand, as in some of the sounds, and 
the bottom may be called rocky. On thia Ociilinre grow in profustou in 
the deeper waters of the sounds, or the more massive corals where the 
sea has free access to the sounds. 

To the westward of AVreck Hill there is a small extent of bottom in 
seven fathoms of water covered with very fine mud, ranch like the white 
mnri off AndroB. A similar patch of marl occurs to the eastward of 
Ireland Island. 



THE SEBPULINE REEFS. 

PlBlM XXI. to XXA'I. 

Tlie scrpuline reefs deacribed by previous observers are perhaps the 
most intere.sting structures of the Bermudas. They are most numerous 
off the south shore, constituting miniature ntolls and barrier and 
fVinging reefs apparently formed by the upward growth of Serpulfe. 
While SerpulfB undoubtedly eover a great part of tho surface of the 
atructurea, yet AlgiC, Corallines, bnniaclen, mussels, and other inverte- 
brates, are found to bo fully as abundant as the Serpuls, which in many 
cases play only a secondary part in the organic covering. In fact, it 
would be as correct in some localities to call them Algie or Corallino 
atolls. Neither the Sorpiilic nor the Altra^, nor any other organisms, 
have to any considerable extent built tip the vertical walls of the diOVr- 
eul kinds of diminutive reefs so characteristic of the south shore. The 
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SerpiilM, Al^>, Corallincfl, and other crvwtlis liavo odI; |>rotoc(c4l tti« 
aurface of tlie muiilirooin-alia[>e<l u-olian ruck k-dj^s which rurm t)i<'^- 
HtruutiircB from the actioD of th« breakera. Thev Imve not built ii|i iltv 
niined rims of the atolls, or the crcuccnt-Hhapcd or the horacHliuc iilin|itxl 
rcefa, ur tlia vurticHl walli fonuiiifr the irregular uuuvulutiuns and cur\(B 
i>f the bruBiler Itnlgea. 

Before niy vhit tu the IkrumdHs I acce[)ted the eiiilaiintiou civtn }-y 
older writert v( the mode of forniatiou of the utulla, an iluc !•■ ibf 
accclcmtvd tn^wlh of Serpulie on their outer rim. I wun tlKrrr.rf 
(TTviilly Hitqiriiicd, ou hnuimeritiK at Hume of thcNc Hlnictiiri'ii. tu liii-t 
that the vcrtitial walla were not built u|>, an ia geiiemll.v li-lii'vid, -f m-i- 
puliue limcHtoiw, but wore eom]H>HetI of u'oliau n>ck, ami tu din-ovi-r ib»t 
iu mauj GuacB the elevatetl riiu waa |>rotei'ted by thu hnri! riiij.*iii;; i-rii>c 
Ru chaructcriatii: of limeatuiiLi cilxntcd to (be nvlinD uf ihi- xvn, aixl [-.T' 
ther to linil that the coating of Ser|iuLi', of Al^it-.of ('<iralliiii'>, ami - f 
NulliporcB wan ijiiite aufHTtidul. 

Souio of the afrpuhiie alidlii iire cin-ulnr mid cguili- rvk'ular iu <-iit]'ti<', 
otliem ervM.-i-i)t-Hhi>|>ed, while uthera iirv ii]>[>iir('nilv' f<TMii'd li_v (!.<■ .>.- 
cn-Mtnin- of lv>o ur tbn'u iitolU. Souie of tlx- L'ln-ubkr ntMlln itri' -v u - 

melnuul, with n u'litral (Ie|>resiti<iii, iit the Um .( vjnib iii'irv ..r I. « 

•Mid ban Katbervil. Tlii' rim of iIk-m- iitiillx tuny juojri-i fixui -.i f. » 
iiiehes tooitenud abidf fret, or even umri', fn-m lb.- iii-itrly vi-rln ul Uim' , 
iu Murrni'i- i* i'i>iu|ik-tfly (■•■vi-rr<) liy n Ibiok t;row'b of ililli'nnl o\-.-.< • 
of AI1.W, Z.«utbid..'. CondbiiiH. iiuii StihiIm-. The nm v..ri.-h i:r.»t\y h, 




AouBiK snmuDUi 



■■ The AlgK, Serjiiilii 
I to form tlic at 
lodges or icoliiiD tni 
Underlying this 



itlliiies, Mytilii^ tind tiie whole growth which 
Wi aUills, fonn but a thin coating upon tbo 
1 upon which they happen to have grown. 
ind vegetable coating we find the teolinii rock, 



vbioh on some piirta of the ledge may still be protected hy the hard 
ringing cruHt so characteristic of Beriiiudiau and Bithnmiim limestone. 
The inner piirta of the pool or atoll within the raised walla is com- 
powd of softer material, or of materinl which has not been protected by 
•nimal and vegetable growth from the destnictive agency of the aea. 
The serpuline atolls are Koliau rock ledgea whkh once were a part of 
the aoiitli shore cliffs at the time when the shore line was fnrther 
to the southward and had not yet begun to yield to the inroads of 
the sea. 

The protecting growth of the atoll has little to do with the formatibu 
of the wall forming the rim of the atoll ; in some cases it has inidutibt- 
edly grown np perhaps twelve to eighteen inches above the wall itaelf, 
but the deep lagoons and steep vertical wnlls of the serpiiline atolls so 
oharactertstin of the ^iiitliern side of the islands have been formed. I 
believe, by the mechanical agency of the breakers. These diminutive 
KtoUs are large pot-holes excavated by the snrf and sand, and the varied 
forms of circular or of crescent -shaped reefs, of barrier reefs, and all the 
pnasible modifications one 6nds ou the south shnre of the Bermiidaa, are 
primarily due to the mechanical action of the sea. All these stnictures, 
from a circular or elliptical atoll to a barrier or fringing reef, with.all 
their possible modifications, are diie to the action of the surf and the 
Bea in wearing away the snrface of the mnsh room -ah aped rock, which 
ia either softer than the surrounding parts or is not protected by the 
Dovering coat of Algre, Corallines, or Serpulte. 

One can off the south shore trace the whole process from the time 
when the large fragments of shore ipotian rock fall by undermining into 
the sea, uutil they are changed by the action of the surf into tnusbroom- 
ahnpod ledges surmounted by pinnacles, and next into the stage when 
the pinnacle has in turn been undermined and drnp|«d alongside of the 
ledge to become the holding ground of c-nml and other growths. The 
snrface of the flat ledge which formed the base of the pinnacle is noir 
fi-eely acted upon by the breakers. According to the nature of tha 
upper crust, and to the extent of protection given to it by the covering 
coat of animal and vegetable life, the sea acts iipon it, and we have hol- 
lowed out diminutive circular atolls, crescent or horseshoe-shaped struc- 
tures, as well as the cumnl, straight, or convoluted or looped vertical 
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walls or l>ro)i(li:r Ic<l;^ wliicli Btonil iip frum tlie LottiiD) uid im'«di Vt 
have been liiiilt ii|> hy the orKutiimuH i.-i>VL-riut; the mirTim. 

The Mr]<iiliiic kt>']lii «re cralt tthniwA, iIp[iciiiI)U]{ pnmuily U|ion tlmt 
of ttie dlftb fr-iiu vhii-)i they liii|i|ieu to lie funoetl. Viv nay iniaKUiu 
oue of the aliore slalw or 1e<l^M uiure or Iea> ov<'r)fniiiii mth Alijte 
and Kerpiile ei|Hiseil tn the aulioii ><t the incenuint hniikc™ •■f tl.o 
■oulh Hhure. The tern fad) ufthe Ifd^v eilhrr iili'[ieH rujiiilly or m ii><'rv 
or K-M vertical, wnnetirtHn iimluivut ur worn I" a nniNhr<iiini>o)in|-ii| 
table. AcconJinj; to (hu hanlm-ba o( the )irutK-ted ed^e «r ihe h'l^c ■■r 
of ita surfuM, it becomes nmre or lewi bnikni through by iiii'i|>i< m iii.t- 
holes, which cxjhnw the aufter wnlian nick to thi> ai-tioti of tin' -^-ii. 
With each tide the wearing! actiim increamii, until n ciri'iihir i-ik'J i« 
forniiil, in which sand ia comitantly trilumiii}: and L'nndni); nwuy the 
•ofter anrfacea. Tliua a miniuture inner la^tHin lN-<-i>m<-ii fic-uvntr<l. ii<'t 
more than a few fi-et in dc[>lb, and Rurronndii) by n iiii<n.- or 1<i>h t<';:<ilBr 
rim ; the dq>th of Honic of the shnlhiwcr In^iHinn viiriiii from >•<■]%<■ t.i 
fifteen inchea. Un a le.l^'u in which a |>ot-b<>lu bnn U-en f.-nm-l rbr ^-^i 
thus washes at hnt into a slinlhiw dish, i>r int<i a MTien nf dishvii « huh 
are soon run tii^-thcr, and thus a Ntmi);bt or rnrviil ur S-ihnjuil vt-ri i 
oJ wall may lie eioavule<l on the ml^ »f u )iil|.'e uf u-«lun r>><-k. lbi< 
insiile di')iih in one raac tx-ing i-iifbt fi-et. 

The Ncrjiiilins at<dlN taki> th>-ir p^ittcst ib'tHojiment inirnnU ibo 
weotent [mrl of the H<>Mlb shore. tUf <m>.il Tnnle lUy *<• Im.l tl.c 
same pit ranrdi nary ileveliiprnvnt of thi- Kerfiiline titi>lls and Tn-(% nhi'li 
we intn-d fnrthfr tn the t-H!t(wan), otf Ilnnurv iiiiy and ■>()' Kllxv K.i. 
Then) is hanlly a snnk.-n lolp- on or alont; or off ihi- —iitb kh-n- • f 
whi.-h the snrfire ■■ not pn>I.-.'t<Hl in wmic nay by MiP- ami S.-r|'itt.>'. 




SUC'b strur.'tiircB. For iiloiigaidf l\n^ iitoila, citlior rising to thu Burface, 
or near to it, or always covered at low water, tliere are other ledges, of 
•ndless ditfi;riijg shapes, nhicli do nut attnict ttie eye, but whicb play.u I 
important a ]iart iii tbe economy of tlie ledi^ea off the south shore as ' " 
atoll-shaped stnicturea themselves, and whicb give iia the clue to their i 
' -formation , 

Everywhere on the shores of the Bermudas where active degradation i 
of the coast is going on we meet with a nnniber of ledges, or piuni 
I olea, or islets, or mushroom-shaped rotks. wjiich have been fashioned | 
by the sea into a nearly circular or elliptical form. Si>metimea a ui 
bor of those isolated rocks may stand iu a row above high-water mark, 
the stems aluitrnt eaten away from the ledge upon which they stand. 
When the top tumbles over, the support, or a part of it, may renjain well 
above low-water murk. It is njkou tliese ledges of all sizes, from a foot 
or 80 in diameter to long elliptical ur irregularly shaped masaes of fifty to 
■evenly feet in length, or even more, that the sea begins to act, and to 
ahagie the aerpuline ntiilla of the south couat, though ihey are nut con- 
fined to it, as I shall show herenfter. Standing on some parts of Ell>ow 
Beach, one may follow the irregular mush room -shaped rock ledges Htaud- 
ing between high and low water murk to those at and l»eyond that ixiint 
into deeper water. We may note the changes which gradually take plact 
u the pnilective growth u[ion these irregular ledges, at first hare, trana- 
forms them into the atolls, or crea cent-shaped or S-shaped structures 
forming the reef oR* the south shore. One can watch at Ion tide aud 
aee the breakers combing in over the rim of the little atoll scouring the 
lagoon, and the superfluouis water flowing over its sides. The sea brcaki 
over the edge, carries off such loose fragments as may have been started 
by the preceding rollers, and scours the inside with the sand it may have 
brought in, in addition to what it finds inside. 

>Sumo of the crescent-shaped serpuline reefs are formed on ledges bare 
ftt low water exiending out from shore. Tiiey form low vertical walls of 
from twelve to tweuly-four inches in height, running in a scries of irreg- 
ular curves, a kind of festoon as it were, protecting the inner lagoon or 
lagoons of all sizes and shapes which have been gouged out by the waves. 
It ia not uncommon on the south shore to find fine sand deposited on 
the flat ledges near low-water mark, and kept in place by the growth 
of a thin swurd of Algm ; this, together with the thin crust formed over 
its surface, hardens the mass, ke^ps it in place, and enables it to rvsiat 
the moderate action of the breakers. 

tloing westward from Great Turtle Bij to Wurwick Bay we find tbo 
T..I. «xvi,-»o 2. 17 
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■awe GfiDditiuii of tliiuga, — »n vulor le<lg« nf boiluni toj^tlier witli irrr):u- 
Ur inner ruwi i>f ledgeii ruuoing cluso tu thv line uf luwwntvr umrk, nud 
gradually pMoing into the muiiliruoiu-tliupvtl Ivilgjca itliii:b still fcnu a 
part of the ibure cliflii. 

Tho (liMtrict extending fruni Siuky Bity wcat and cut ii apiTi^iUv tii* 
Htmutivc, an shuaiiig tli« mollidd of imi|>tiuH uf tliv m-a Ihruui:!) l-w 
ahore clill'B to furni uiihII boat iMvn, aixl tli« (pidiiul |iasmp: ol th<-<- 
ahura cliSii tu linca of ruokti and inlfla running imrallfi (■> the c(>n<>(. nn<l 
cutting out luch Lays aa Whalti Itav, IWIi-y Itiiv, Waruiok Itnv. t^nut 
Turtiti Itay, etc. We may next follow tliu {HniHiigc uf ihcM' c'iiH- t.i 
■ubnii,'rgKd lotgva, and their traHHfurniutii>n intu the U-nlirn I'll it.o 
■until allure and the outer line uf iHiilem funning the m> (-a]]<-.| n-if 
off the wiiith hlhire. The iiiimiI Htnking of the MTjoilinf rcvfi> mr tl.r 
fringing and barrier reefM, anil their uiltlviii;; itl'iU'S olT om- of the ]•■ ii:ti 
at the eiut em) uf AVhale Ihir. t'Vlher with (lii< lition of m-W- ujA 
variiiii«]y Mhii)N.-d aeqiuline rcefii e\Ieiiilii][; to the ciiHliviinl. N'iili-:i- 
|ivrbKi«uu tlie Hiiiilli iihorv du ae m>u nii i-lciirly the tninnitixn "f il.<- 
i«i>lated niiiBlirunni rock ledgea Hnrniiunili-d by ii-idiim ]iiiinHi'[<-> iiii<- (),•' 
le<lg<'H «liii-h are to U-o'Uio ncrjinline ni-fx, im in thi' iliMin-i Idim it 
Cri'Mt Turtle Itay ami the Imy at tin- fool of (iihU [.ii:hil>o.i-r. 

Fn>n) lh<> iU-iH.-ri).lionit u'ven iiU.vt- of mi.-h it viirii'ly ..f r.-. f. l-.m ■ .1 
by the «eri>Mliiir h'llp-H, ami of the M-lion of the wn nj-ui (Ih-iii. h.- 

may uhtniii "ii a hiunII m-hIc nii illuntnili'in of llie i I «-nI tbi-rv 

of ib- forniulion of m.hu- .-oriil nth. Thin may l»- i.|»-.-iHlly <.|,,.li. ..l-l'.- 
to (be fomiation of conii-iiiiid ntolU. ax luia nlr^-mly l-eii Mij;:.-!.-.!. 
Wr riixl <.ff the *<.>itb Hb<'rt', in th<- mmv im-i> iiiid i.»l>j-'i t.. i.I. i.t,. ..I 
nmilitiiinii. |««-Iie4 nhich nwnnii- the i<bi(]>v of ut<>tU ot fniiL-ioj or I :.r- 
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uiic(iinm"t] tliiiit; tu »lv mi auiiic of tlio bfftcliea Iitrye aluba of base 
rock, upou tlif liiirii i iiii^'iiii: surface of whifli grow Algw ; these collect par- 

I tioles of sand, aud Iliua form a coatiug from h. qunrtur to tlirce quarters of 
tai iuch tliick, upou wbicb larger A Igoi then flourisib. In tbe iuterroediate 

' •{Woes grow tlie Serpulse, Mytiliis, and Coralliues, which soon cunceHl tbe 
■urface of the ledge by their protecting coat. Sbonld thia slab aione or 
with adjoining slaba furm an extenuive ledge ftir enough out from the 
beach to be exposed tu the action of the breakers, its nearly verticnl 
udes would form a rampart over which the sea comba and pouudj down 
over the edj^e odtlie sliih, striking beyond tbe outer edge well toward its 
interior, according to the size of the breaker. If there e^ist at the 
points reached by tbe breakers any weak sjxft iu the protecting cruet, or 
Any incipient fracture, or any dillerencc in tbe bardneaa of the npper 
layer, the sea soon makes an inrr>ad upon it. It grinds out the softer 
interior parts, which are carried off, and thus forms tbe beginning of a fint 
sbnllow sancer-abaped cup on the inner part of the leilge. The outer rim, 
on the contrary, protected either by n hnrd crust or by a growth of AIgn 
and of Scrpulfc, reninins intact, and gradually rises higher and higlier, 
, partly from the additional growth of the Serpulic and other calcareous or- 
gnnisnis, but mainly by tbe grinding away of tbe interior of the ledge to 
form a bnain, whiih little by little becomes deeper. Tho organic growth oa 
the outer rim is more vigorous than in the basin itself, eitlier on its sidea 
or on the iMiltom, where the sea breaks and is at work grinding away the 
protecting growth. The Algie, Serpulfft, and other growths become leai 
abundant in proportion to their distance tmm the outer weather rim, 
until, towards the centre of the atoll, the inner ring or cup or slope is cov- 
ered with sand. We thus have diminutive atolls, barrier reefs, or crescent- 
shaped or horseshoe-shaped etmcturea fnmned out of the teolinn rocky 
ledges. Should the sea face of the slab be harder than the facps of the sidos 
or of the leeward side, some of those strata are soon bniken through, 
and gaps made in tho rim, furming a crpscent-sbnped wall or arc willi 
its greatest height seaward, the wall gradunlly falling to leeward to the 
level of the ledge, and the raised edge sloping towards the boms of the 
crescent on either side. The lee face of the creacent-shnped atoll is in such 
a case thoroughly scoured by the outward rush of the sen, which, carrying 
with it a certain quantity of the sand that fills tho depression, nma 
off tlie lower lee aide with considemble velocity. The depth of the iitolla 
varies from a few inches to six ftet or more. The lee faces of both horse- 
»hno-8baiH?d and crescent -shaped atolls are frequently so rapidly removed 
as to leave nothing but a vertical wall of from one to two feet on thfl 
weather face of the ledge. 
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Th« dimingtiTv reefa formed off th« aouth shore of Bennudu «r« of 
kII poMiblo Hhf>|>e», ^ atolU with n-giilar riiiii of the mutie «idlli •'!> 
mil HideH, KtolU with the tea fuctt rim widur thiiii thut tu tht- lf«*itnl, 
mud [Muta of rims of cirvulur BtulU of huracHhoe i>r cmoviit khn[iv, or 
oiil^ of parts of arcs of grvutur ur leu I'Xtviit. Wo dImo find Iwltn of 
■tniill mtulla uii leil)^-a of euimiderable widlli, aiid uitHU uf mil eluiipiiv 
tjpu; utliem ura dumhbcll-iihftiied, foruiod eviiluiilly by the lircnLiuu 
thnmt;h of diviaioii vulls of circular atolls, Wc also tiit.-et with cliinna of 
Ktolls, ««ch oiie furmiiig a link uh it wvru, or im-Kiilsr inirallL-l chumi, 
which, whuii the iH>|iarmtiiif! whIU nre hruken thri>ut;li, K"'e the i-lrnii-nii 
fitr nil the [XMsihle ri^iin-n bhsiiiiic<I bjr tho Icil^^'s off tliv iH'uth aIkti-. 
Wlieii such reefii mru foriued on tho Mlioro led);eti, «c have mil the |-*>i>il-l(- 
ty|N.>R of friiiKiiiK mud iMrrivr rcefn, or coiiihiimlioiiM uf ilicw, fornm.:: 
dimimiticc reefH with low verticul wmtU H|>|xirentlv iiioHt im-^uUtlv 
|ilitcetl, often mm if their eiisteiico in their vnryiii)! mIihjh-h bihI |i<iiiiti.-ii4 
could lie duo mily to the iiiiwrnnl );rowlh of the Serjiiitii- and Alki*-- K'lt 
1 ln-lieve (hut tlui vertUid ^iwth of Slt|>ii1u> huiI Al^n- i<i ii.ir of it*. If 
MuHicieiit t<> nucouiil for the eitsleiice of the vertiiul nnllH. mid ihni t)i<,v 
mre dite only in huihII jiurt to the iijiwurd j^rowih of on;<>iiit' inaiin.-d. 
Mill ill ft tcreat iiiemiure to the action of the lin-mkem ii]><iii the a-' I. .in 
ruck Iitl(!:i-H, |>n>l>ttl>ly in the tiiniiner I linw just dciuTiU-il. 

The Urricr reef off the itiimll RpitH to the cNiit of Wlmle Ituy i>r the 
Tnrtii-ts mfty he deacrilxil nil m vertical wnll Hiirroiiiidiii); thni- mili^ of a 
IM-tnii|:le. the diii;;iiiial of which in winiewhiit over fifty fii't ; the m'b f:<.f 
coment an> well n.iilf) -1 aid the ni.\e wulU foni.ed of ^liort ■.itrn. The 
dinliiiii-e from th» nhon- oIki- uf the Ivili.'e to the outer w^ill m itl-'Ot 
twenty-two fe<-t. The in^-iil'-M width of the rim ix at ihe too .x.i.r 
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'ed vrall^ the edges of irrcgiilnrly slin^ied 
lar diimbbell-Bhii()ed pits gouged out from a broad 
rock. On the lee part of the ledge an irregular 
rectaiigular put-hole has been formed, live feet in depth on one sida 
and four on the other, sloping upward toward the broad outer rim. 
Comparatively slight variations would chans;e the sin-face of the ledge 
into an atoll with a narrow rim following the outlines of the lodge; nr 
It may become divided into two irregtiliirly shaped pits by the coales- 
ceiieo of the few smidler pits now upon the platform, and a single curved 
wnll, the renmnut of Iho fiice of one of the circular pits, would form A 
division wall ; or the sea may break tlirougb to a greater extent than it 
hiM done already and leave on this ledge only disconnected fragments of 
wait of vorjiug shape, in which it would be diflicull to recognize tba 
walls once Hmiting circular or dumbbell -shaped pits. Outside of the 
larger ledge is a pear-shaped atoll with a bruad sea face or rim stopioK 
inward, and a circular piit-hole about three feet in depth, the rim of 
which is narrower to the leeward. 

All these ledges are deeply undercut and abmded, and are mushroom- 
shnped ; their faces are vertical or nearly so, and all show tmces of the 
action of the sea upon the pillar forming the bane. The ledges I have 
einmined close to the shore, half-way to the reef, or on the outer line of 
ledges, all present modifications of the ledges described. Tlieir ultimata 
fihii{ie depends upon many local factors, and they show but a small num- 
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licr of the posHiMu intricate fimircs thnt are fmind on the eolinn lr<)t,'*-ii 
off the Bixith ttliore. The Al(nc> S«r]Hilu.', and other urptnii; (.Tiivt).* 
wbU-h thrive n|Nni the e<lgvit n( the Mum luid H[irfMil iIuku ii|>-.ii tl.t- 
vertiokl taevn, itlill Tnrther protect Ihu aiden of tlie iiinHhno-m taMin 
from bviTig wiuhwJ ur vutcii uwsy liy tliu furwurd and buekwanl fuhIi <■•! 
the loa. 

OH the MRie locality an i-llipliail atctl forty l>y thirty fral. otnii'lm^ in 
& depth uf ten feet at low wulur, ri>riiit.il tlie iijirfaiUiit; tuji I'f n iiiuHliro «. 
■Imped le«l^fn>ni the vert itrul eiduHof «hieh all irai-es of the rolum ch^tr 
iictcr of the anliHtrnrlure had diH!i[i]>eHrt-<l. Where nut overi;n>B n s:!li 

A);p<- and CurallinL-v, it iih>iwv<) the |>eciiliar nimpiit: ""t and h > 

conihinK eharueter of all tilmre roekn, either wln'n t'XiKwl nt !•>« H^iti r 
or where eitendinji; below it. The iiitter [iiirt of the weather run «■•• (. -. 
qnite ]iaralle1 with the otiter onlline : il pinjei-ted in the ivnln- mul » >.' 
auMiewhat H<-alIo]K-d in outline, with u few hin:ill dn-\> pit-. Tl»- r.n. 
varieil in width fruni five and a hiilf lo-t on tin' weadiiT miU- t< '>• 

foot in itH nnrroweHt |«rt on the teewani eilp-. I i Id not did. t tl. -i 

the weather rim waH j-erccptildy )iit;her than thr leewiir.1 niii. ll.^ ._i. 
thin IH not nnfreiincnlly the eaw.' The (lot'hi'le «iin nit feet in d> ; t;. 
nearvr the wentem f\);if, ^'mdnully d<rreai>iiii: in depth t<> thn-.- f<-> ; 
on the op)i.iKite »ide. A en-neent fhajvil Ih^'ikhi eii;lileen f.et ni di .1- ■ 
ter, in^iitly nnderrnt, ef|>enally <iii the weathir Hide, hh all ll.-- 
Iwlcpx an-, hnil n rim five f.i't wiile at tin wuh-hi |iart, (.'nvltudly t:i|- r 
ini; to f.inr or live Jm'h<»> nt the tK<> extnriiilo- of the er<>M'enl. I'-.tt. 
thxiand l)ie .Iliplieal al-ll juM .1. •..ril-Ml liu.l .. nr.rr..w khelont: pl.i 
form m th- in>ide of the wenlher rim. The W e.L'e ..f tl<i-> er.'-,-....t 
ah»|H'd at..|| uat worn away live f.-ei h.w.-r Ihnn the ».>»lher nm. \ 
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•OUtli shore I observed ii f;reut iiunibi/r of Iciiics nit!i tieiirly flril Uiya, 
from wliicli tlie siiniioiitititi',' ajulian pinnacles bud beeu «i>ru nway ; aume 
|, of them weri^jiiat uwiisli at luw-wuC«r murk, otbersreacbeU balf- tide mark, 
I iMid a great uuniber were suukeu leiiges. On these lost, if furiiiiiig the 
inner part of the outer Hue of ledgee, are found Gorgouianit and corals, 
giving tbein to a certain extent the iippearance of a coral reef. 

Off White Cliff Bay there is nu excellent Bpedmen of an irregular 
QreaceDt-sha[«d barrier reef formed upon a ledge barely iii contact with 
the beach ut low water. The wall uu the inside is formed of short irregii- 
Ur steps, and the inner area of the led^e is thickly overgrown with cal- 
cftroouB Algfc, more or less covered with tcolian sand washed from ttie 
friable parts of tjie ledge. 

The narrow pedestjils which are the bases of some of the piunucles of 
Boliun rock are often the remains of extensive Hut ledges on which 
the different organic growths charuct eristic of boilers have obtuJued a 
Ibothold. The parts of the tops and sides of these ledges which have 
wot na yet lieen covered by such a growth, or only partially so, plainlj 
show that they differ in no way except in size from the smaller niuah- 
tvom-ahajKid teoliau rock ledges, and are formed by the same ageticies. 
The larger pinnacles of icolian rock like those still standing off WhaU -i 
Bay will become, when they full, large flat ledgeB upon which tho SH(| 
when breaking digs out irregular pot-holes of all shapes and s: 
The remnant of the base of the pinnacle becomes, when worn away by 1 
the aca, either a shelf or a Hat corrugated ledjic, and the more or 
rertieal sides below low-waler murk, are worn away by the wash of thvl 
sea into rouBhroom-ahaped ledges. 

At the east end of Elbow Reach aeverni patches of honeycombed shoro 
rock leilgcs have been left stranded in the midst of the lieach sand anr- 
rouniling them. These ledges, if exposed to the iictiou of the sea, would 
Boon be worn flat, and according to the angle of their stratilication would 
bo dug out into atolls or other irregularly shaped stniotures protected 
hy Alg» and Serpulte. The same aerpulino growths and similar convo- 
luted walls occur on the North Rock and the adjoining ledges on the 
north. Similar structures, forming more or less distinct reefs, also occur 
off the north shore and elsewhere on the edge of the reef fiats, but they 
are not as numerous nor so well defined as a rule. They consist, how* 
ever, always of the same u)ushri>om-sbnped ledges, sometimes still sur- 
mounted by their pinnacles of aiolian rock, and of others abraded to the 
level of low-water mark, or even well lielow it. The shore ledges on tha 
•outh coast arc acted upon by short, sharp breakers, formed in frois t<ne 
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Mid A half to two fathoms of water, beating u[M)n tho UiIkm much an 
ft BRiall wulL-rfull dn>|>a iiiion the rocka at its Imue. (lu thv ni>rth •h->n- 
the lireakerH and aea di> nut act with the aaiiie regularity an on tli« 
Mtulh slum:. Tlicrv, owing ti> the eiist«-uco of an outer liwi nf m-f-s 
the cundiliuus ore inuro niiifunn than im the north alicire, whrn- the 
eflTvcl of the wiuda ui>un a couipanttivuly bruad strvtch of svu urr fur 
wore variable. 

Uii the north shore tho surface of the ted^'es between hi^h and h-w 
watur murk is iirud-cled mainly hy a small n)ie<'i(M of liariiurb-. climrfn 
uf small Mytilus and iucnistiug Nulli[>"n.-H, and a few a|H-(-ii-H of huhiII 
Altfa-. At air Iwlnw low-watvr niark Snrpuuium iH-tfins. SitjiuIu' nrr 
Dot as ciimniuu as un the Icd^ivB otT the south slxire. I >n the north h)i<>t<- 
arr]>uline atnlla are most nuniemus on the )<-<lt!es ulT S[ianiHh ri<iiit m 
ftu easterly direftioii for a distance of fimr or live miles. 

Tho ihihIo of fomiatitin of the [iccntinr and iiitricntc winilinjri <-f tl.c 

Turtiual walls which cnit> u|i to the Miirfuif on I ho siiu ti»f tli<- li-il;:i'-. 

and which take on auih coni|ilicated curves can n-mlily Ix- ci]>Iniii<<l 
fnim the msnncr in which the ledgi-s Ihcmst-lvcs yield l» the nru-n <-f 
the surf fmni the wuxli of the ni>u, anil u1m> from the aii^le nl wlm-h ti..- 
Kolinn ■Inita lie when st(iu-keil by llic wave*. 

The fiiltowmg duigraius will further ei{>hiin the nioile nf fi>rmsli<>u • t 
the various M-rjiuline n-ef mrnv 
lun-s wlilrh linlP Ivvii iIr~Tit-<H| 
AIMK'K. l)isa|f>Krursh<Kv 
ditrwhidi ba* lt«cuine isuUlrd 
fbim (hn tkort ; the M«tian 1am- 
iiiiktioD b clc«rly seen B>«>if 
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Bolian atniiilit'uti 
Mtiou of the ties 
Mraiifli^d iKjrizun 
the result uf the wash t>f the 
breakers opon any part <'f the 
top left unprotected will \>e to 
dig out drciiltir or elliptleal 
atolls (Fig. 3) like A or II. In 
otie isaae. A, the ntoll will huvo 
a rim of uearly the snme width, 
while in the other i;ii»c', B, if 
the softer parta of the top are 
on the lee side, the atoll will 
have a wider rim on the 
weather side from B to A, or 
ft [K>t-hule mny nlso be formed 
between A and R. The put-hol< 
ftom three to four feet ia di'pth. 
tbeiii between five and 
Ax feet, and eveu more, "'^' "• 
3d others they are '>nly 
% few iachea dei^p. I 
bave not oliaervcd any 
growth of Scrpulte of 
greuter thickness than 
from twelve to eighteen 
fnobes. 

Slioiild the Fcolian 
strata dip towards the 
lee side (Fig. 4) a horse- 
flhoe-shaped atoll is 
formed, fts indioated I'v 
the dotted line AQ. 
The rim ia widest at A. 
Fig- 5, gradually bpcom- 
iBg narrower and lower 
tuwards the lee side as 



u< buL'M obliliTiilod by the cementing and solvent 
•T. If the base, the miishrooui'Shuped ledge, it 

(fit---') 




atolls are nsitallj J 
I I have measursd'ff 



it I 



B, tlie 




the greater jinrt of the 
I ledge having been curried t 



lay by the jiounding of the surf, leaving I 
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k liigti nnrmv vhU wifli n i]«e]) njieiiiiit! ftt It lielwwit in Mtrvmiiiii 

Khoitlil the Hiirf Itn-iik tliruiit^h tbu Biiliti Nt K or K. «r iR'tli, »■■ •>) I- 

huve riirvi')) vcrtk-nl wiilU li-ft, ii)>{>iin'iitl y Ixiilt iiji )iy S«.t|iii1ii-, in n-iil ri 
whMh of Kcilimi n<4;k wliii-li nmy Ik; tlii|; uiit tu 1 liuvt- •n^.'in.-Mvit, cKiiii 
in thu cniw uf Figure i iir of Kicuri! 4. 

WIk-u tlie pimuicle liiially iln>[w i>tr, it will in it* tiini 1)^ nttiirk>"l I'l 
Iho M-B, Mill |tu i-itlitT to fonu II RiiicNitli Ii'iIkc. Io W cxvin-il aitli AL-.i 
ami SltjidIip acconliii;: to llio dt']>tli in wliiclt it lien, or ■»»> in il^ tun 
lie Htlkckeil in h Mimiltir wnj- lu iliv 1iiI).'l-, mhI cWii.'<-<l I" on Hti<ll or i 
crvMi>nt'Hliii[N.>il M'r|ailiiii- n-of aci-onlint.' tu itiv 'My of tin- Mnttn. |t>'f..n 
the liroHkiDK ■■11' uf tlie |iilinru:li', Alfra- ami St-qmln- linvo itlnmh U ;;iii 
to ){niw ii|ioii tlie tliit [Nirt of tin' liilp-, nml ]iTt>|c<-l il to » iTi-nt rit.i.i 
from tlie wrtioii of tlie m-ii. ^V|,t.-ii th.- M-n n<> loii^'.-r kukIk-o n.nii.l t).. 
pinnH<;le, luit lireakH on tin- \vAfifi lit low wntcr, ninl lini|i> n ]iiirt «)i:>'l< ■■■ 
not protutitnl hy Al|,ir or otlnTwiM-. it lK>t:ii»i to i-r-It- it. tl»- hnn<l f-'Ho. > 
aetini; like n ilinrn, lui'l tliun liltk- li.v littlu fonnili;.' h iliv). Lot- ii> (1,. 
Guiitre of tbe niunlirvun rock. 




mi 



isiii^ that u ci 
Led the esrli 



.tly ' 



tbiiB letivi! & 
J, lerfge. It is 1 
r<Molla should have indi 
h.loSerpuh^. 

Itice accepts the theory that tlm serpiili 
Pll|)Wurd growth of Serpuly;. He fius iilso 
L«onil nil the outer ledges (Millcporos) ( 
^«xcept that thoy iire less elevuted, llieir 
Pfcy the ioability of the toruls tu survive 
P These circulur reefs 
r aerpiiline or 
I edged by Milli^pores, 
I Bod nre called boilers ; 
I off the south aliore 

ihey are geiiemlly ser- 
, piiliiic, with ooly here 
kisud tbero a MiUepore 






the level of the 
of tliene wiUls aud 
U) attribute the grotrtli 



} reefs are due uloue to the 
}served the eirculiir nJges of 
Hilar to the serpuliiio reefs, 
pward growth being limited 
J exposure above the water. 



toiler < 



the 




f pttches. Along the 
it shore of ilarriiig- 

I ton Sound there are 

' . ■ ntimlter of soch -Mil- 

' lepore atolla miJ barrier reefs which are merely rims of pot-holea pro- J 
tectcd by a growth of MilleporeH, A number of these Hillepore reefirl 
«it«nd eastward on the northern side of the main channel off Spanidl f 
I^jiut. Along the shores of Harrington Round we meet occasionally oOfrfl 
of the vertical walls or irregularly shaped potholes of a projecting ledge^, 1 
the top of which is protected by a growth of M'lle[)ores, much na the S 
pulie and Alga? protect the walls of the pot-holes off the south shore. On' j 
many of the patches to the north of the main channel, in a line from- ] 
Ireland Inland to St. George, we Rnd a similar ^^wth of Millepores pr^ I 
tecting the exposed ridges of ffioljan nicks. Thomson nlso considers th« ] 
serpuline reefe as due to the agency ofSerpulK. 

The existence of such a variety of reef fonns under the same conditioDt 1 
nKtiirslly suggests whether the explanation by mechanical caiise.o, siioti'l 
u finds here its application on a smiill scale for serpuline reefs, mfij 1 
not be a natnral explanation also of the formation of the complicated 1 
■yateras of atolls of the Carolines. Mnrques-is, and Maldives, and whetbflT' I 
small simple atolls like the typical ones of the PaciBc. and many vith f 
Aomplicftted oiitliDcs, may not in many cases be due to the scouring w* I 
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tiuD of the MA working on n larger Bc*le iipiin ■ubetnictiin's easily yuM- 
ing tu iU vHuuti. Whet) exniiiiniiig tlio Hu);pity Atull uf the ItuliHiiiiin I 
could not fuil to be struck by the ovvr|Hiweriug luecliniiiua) fiircc iik-o- 
■autly at work. Huge breakeni wore coiiiiluiitly i>uuriii-; an imnn-iiM: 
vuluiiie uf water over the windward Mm fiux of the atull, filliu;; iti cnji to 
overdowiut;, and it cuutd dud »<> outlet except over tlioNO [mrtit of ttiv 
■idea which wlto tower tlmu the windward face, <ir thixiiiKli whii-li. nt-ar 
the lee ends, |muiage» of ooiisideralile di'pth had beun cnHle<l. ur, lnudlv. 
thniugli the atill deeper channel Iwlwoi'ii the le« eilreinilicH uf iIk' mh 
funaiuj; tlt<^ eiitnuco tu the atull. That in, pvi'u a Innk of miitnt'li' iift>tli 
u[nm whicli coralii can flmiriHh, and tijHiii n Uh of n i-crinin wiiltli. ihi-y 
will fumi a jinitei'tivo ooiLtiiix tu the nniterlying nickii. jnit an lliv **-rpii- 
line gruB'thi prutevt the rimii uf their ditniiiuiive atulln. C'-ruU aitt 
naturally, from the cuntrifiigHl luHiuti uf the Heii,{:r<iw on thf untrr fai*'-*, 
and uiiMit abundantly in the dirertiim in which they find IohhI n'<>i>i- 
■nee in Die wny uf detritUH and other aci iiniiilntiunH. The N-n Imnk^nt; 
uver thrni will excHvate a higiHin. and timtk tlir>ini;li (Ik- hkIi". -i I..- 
face tu allow the water to ll»w out tlm>ni;h thi' [lointa of leuHt rt«i-tiiii.-> , 
and thruugh the entrHiiecn to thr higuun. All tln-w CKiiHi'n nr>- iiii[><r- 
tant foct.irH in any thii-ry of nmd n-ef*. nnd nhuw the c>m|.h>xiiy of t\.<- 
|inilil(-in, ami tin- imjimiiihilily of framing a Hingle liy[>othL-aiN tu ft|'Uiii 
th.>rormati<mof.-..ml nt-fi in >d) [uirtN of the world.' 

Ik-fure >H-<-ing the w-rpnhne alolU ..f the ll<>rmn<lnM it had ixvnrml io 
me that the •■•>nlii.'nmti<in uf the llugnty lt<-ef and the funnniiuii -f it< 
atull might l>c due to mcrhunti'al eauM-a, Vi- niny imagine a tmnk • f 
the |iru|ier di'plh. whelhiT fornuH) during anlMidi-nce or rli'vntimi in iin- 
matprinl, on whirh atnU In-gin to grow and form n Immer to tin- iiirf 




of the bniik. stoiintig tlic lipioii to tlie ileptli and (limenaions it hu8 

r attiiineJ. Tiierc ia rotiiing to show thai the deplli of the lugoon of 

BogHty Heef is duo to BubaideDce, or that the rate of growth of the reef 

eynchronouB with it, and thus formed the outer rim of the lagoon. 

I On the contrary, judging by ftualogr and by the conditions eiiatiug in 

tbe Bahamus and Bermudas, we are led to infer that the togooa of Hogsty 

has been forujed by a mechanical process, that it is due to the action of 

e Burf acting as un imrueoHe force pump driving the water over tbe 

tteathci' face of the reef otit through the lee opening of the lugoon, or 

the openings of the aides of the riujt, much as tbe diminutive serpuline 

I iktolls and crescent-Hhapcd reefs or barrier reefs have been formed off tho 

I ^uth shore of the Bermudas. 



POT-HOLES. 



Roots and stems, nFter 1>eiug decomposed, may form brnoohing cnvitios 
I vhich if filled with stalagmitic matter vould give rise to columnar struo- 
tures. Such formations can be traced in the more recent dunes of tbe 
Bahamas and Bermudas, and of the Sandwich Islands. There is a type 
ot pot-hole which imitates these strncturea * tiud has been confounded 
with the branched bodies, hut which I do not believe to be organic atmo- 
turos at all.* They are tho so called palmetto stumpa, of which Bice has 
giren an excellent description,* aud which I imagine to be mechanical 
atnicturee of a similar origin with the aerpuiine r«cfs (Dale XXX.). 

To the north of the Devil's Hole, on the road skirting the east shore of 
Harrington Sound, we find a flat ledge of leolian rocks which is liternlly 

> That water riilliiii; from s nmall heiglil tlo^i tlmi encnrate At*p holn al tha 
loot of falli ia well known. Anj country ditch clsmm^il hy a slaicewsy will «lin»r 
this effect. It cun be wen al tlie foot of e»ery wnler/flll, and it nccun nn Ih* 
Utfett Kile in Die Missiasippi. where tlie wonr ol ilie riTer helnw New Orleans 
Itaa wnce llie liuililinn of ti.e Jetlicj excsvulfil a ileprli nf hPtween sixty ami 
•erenly feet in lonie uaaej, —a depth about Ilie »ame as that nf roanj lagnona of 
coral atollg. 

1 I cannot Agree wilb Thomson (ATlantic. 1. ;r,0| in liii piplanalinn of (Iib 
mode of formatinn of the p"eiido pnlm elem", who cnrnidcrs thrm t" liivp been 
fiwtned on the bottom of ca»e« by tbe rlmpping 'if (lalagoiile, and tho* forming a 
lioitla or double or dumbl>o1l-»baped »leni. 

■ Ate not aorae of tbe tnbca to which ProfMsor Dolley awribea a regetalile origin 

rtly imsll pot-holes such a» I hare floored >ni Plate XXIX. ' 

* Bulletin of Ibe National Museum. No. 25, p. 27. 
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riddled nitli |Kit-hole*, mnity of wliicli have Intcoine coMDevted to forni 
dunibb«ll-HlM(ied cavities or other irrvgulu' funiiH (PInti: X\l\. t. Tliev 
Rro iu every rcHjiect airuilur to the Hcrpulino ntull (lut-biik-a iiff lite miutb 
■liure, l>iit uv uiuclt niwlkr, nud iML'utue cliuiiged inuij' of tliem int<> lite 
■0 called iwlmcttu bwH-B. 

Au irregiilurly iiliu)>vd [K)t-hole willi u raiavd rim ia one a( tliv |>r<>nii- 
nent rvatum uf one of the led^a uri the north side of the cauwasr 
lewltn(( tn St (>eurg«. Iu thin cmo the greater liMilrietw of the niii h.M 
fanned the protective coat for the lun vertical wall uf the |>iit'li»)<; 
(atoll). The tranHformatiou is n.-adily fi'lluwud in the imtholcii ahuK 
■TV a littto rcniovGil fn>ni the ininiediiite action of the iliiiiiniitive. Imt 
■liort unri ahnrji, breakeni of llatritiirlun Soiim). The iuiiiT mviit i.f 
the [jot-bolm lN.-couie« lined with a harder coatin;;, U-in^' urttil ii[>.ti 
much as i» the ■iirfucii of the iiiiliun nwk. Whon tin- walln of ndju<'<-ttt 
|Kit-bole« arc eatoii »*ny or wnm nwuy bv tliu ncliim of the niiii^ an-l 
uf the Nea, there niny l>e formiil un outer enntin^ fmni tbi- hiIj-iiiuhl' J'-i- 
hole, and thiia an imi;Mlnr cyluidt-r will Ih- left ntaniliu): alH.vv tb<' xir- 
ruitndiiig area. If the u|i|N.>r {mrt uf thin in in tuni diAinti-|-raic<), lae 
may have left a dci-fi cup, <ir nienly a rin^: <if the ]«»■■, ur a hi<lf of t be 
cylinder, or merely the harder inner roat of the liottimi, — all <'f «bi> b 
atAKe* rtneniblo tnnrc or. h-m the Ihuh- of a )nhnettii (I'biti- \\\ i. 
Tbi-w {Kit boh-N an- uttm m> flow totp'thi-r ( l'Ut<- XXIX ) that it lo dif 
fii'ult lo imntfiUf a ^rovi- of ]utuietl<M the McniH of Hlnt-h (■•■iild Ix- 
imrked in the an-a <K-i'U{>iM] by the [tot h<>lo>. ('iipliiiii ('iirr. It. N , 
calleil my ntt.nti.'ri to a Imalily on the eist nhor.' of lr.-lnn<l Kb.nl 

ahcTU thiw lot-boh-H are riuuicr< >iid ob-n- oni' i-an (race all tbr 

trannitiiiii HtaKi-ii jUNt dL-ocrilN'il fn<ni the |Hit-bi>h<!i of ibc nhure of liar 




ACUABU: euUmtASL 



Tbe flat ied^-e smroiimluig Xortli l.'uck jireseiita no features diflureiit 

from tboae of Bimilur ledyus off llie south ur north shore. Its surikoo 

riMS hero and there in low ridgea, wbic)i are the reiauuntx of the )aA I 

{ pinnaolea to bo eroded ; near tha eilges, and wherever the action of th* 1 

bteeakers ranches, it haji been dug iuto so oa to form pools, pita, aiid poU I 

■ Ibolm of various depths and ahiipes, and has beeu lioneTcombed iu kII [ 

r '(lirections, according to tbe quality and hardneas of the rock and ths 1 

extent of the protection afforded the rock surfaoes by the growth of A 

Coralliues, Serpulec, and other oi'ganiMins. 

The North )tock Ledge ia deeply undercut, and, like manr of the larger J 
I .islats off* the main island, its sideu are more or less vertical, or steep ] 
r tiopet deeply boneycoiubed and cavernous, and overgrown with Mgu, 
[ Goralliaes, Gorgonians, Millepores, oiid uiaasive oorals, much aa uiy ] 
' similar ledge or cliff or patch. The greater part of its upper surfaoa | 
la protected by the hard ringing ffioliaii ntck charactoristiu of the ex* 1 
I posed intertidal apuces. The pinnacles which remain rising above titB I 

leral level consist of leolian rock, and the lower base rock see 
[to me to differ in do v/ny from similar icolian rock as modified by tbe 
ietion of the Aea in other localities. It is pussiblo that the fossil CypnetM 
I by Rein to have been found at the base of the pinnoclee nm/ i 
Pba only such shells aa have been collected from the aerpnline rook 1 
llo which they had become eDi1>edded. In some spots on the ledge it J 
I ftttaiiis a thickness of from twelve to fifteen inches, and is full of boring ] 
, lloUiisks and of shells which have found a foothold in tbe cavities of th« , 
honeycombed rock. The serpnline r<ick itself often becomes quite bard, 
I might easily be mistaken for true hard ringing ipolian rock, but ji 
> rMulily distinguiahed from it by the presence of the many sharp pinkildl 1 
' ft«gmenti of the Inbes of Serpnlte. 

The many Chamaa and other Molhisks living ou tbe edge of the North ' 
Rock Ledge at low-wijtcr mark would, if thrown up and embedded in 
■Hiliau or serpuline rocks, present all tbe chnract«r8 of the so called fo^ 
■(111 found in the soljan rocks of tbe islands of Hamilton Harbor. At 
Agere Island and on the shores of the other islands of Hamilton Harbor 
»• find at very low tides many specimens of Chama which would have to 
be carried but little way to become Kolian fossils. Neither Heilprin nor 
myself found any fossils on North Rock. Heilprin considers the lower 
• portion of the North Rock pinnacles to be nnq nest ion ably pita and i»ot" 
boles of the inner surface of the beach rock. 

The onter edge of the northeastern part of the ledge ie protected 1^ 
Serpulffi, Alg», and Corallines, forming low vertical walla as well as tbe , 
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diviaicm walla of tlic irregiilHr pot-holes of the Ittlge, aiiJ iu |>liu:fi> th<'t 
uverlMiiij til a very cotiniduralilo eituiit. Thu coating of Alt:;)- iiikI >■{ 
ScTpiiln ou ooiiiv of the walU uf thu iiitorior [iiHila in iftiilu Ihiii, ita iij' ii 
hn-akiiig off tltu edgua wo cmuu ii[m>u thu ringiu^ o-oliuii tihI. 4hi tin- 
nurthcant edge uf thu leilgu a ile«[wr ]>ot-holu him [oniiL'J a ri-):"l<ir tur- 
ner ruvf, the eJgeM of a liieh are cuven.il hy Ser|iiilu-, Algir, oiiU (^'or.illiiK-n. 
Un the iiiteriur of the [vd^v their growth in Ilim vigoruun. Oui-nle >if 
North llock there are a few ktlgeM, LM>th to the wulliaent ami to il.v 
northeiut. TIiohu tuwanlii the iiiiiur itide of thu reef are the iiiil<.-r m-l' 
patohei*, on which grow Milte]Kin.-ii, ( •urt;«iiiimii, im>l the umuuI );ii.«th if 
vurala, Al^'v, ami Comlliniit, which liuve c<>mi>letely hul'leii ilic nntiin- <( 
the ledgcH. Thu Mgea which fonn the cutitiiiuati<iii of North K<H'k !> 
the enMt ami weHt.oii thu contrnry. hIiII |iluilily ahuw that their >tni. turf 
in uo auy diir<-ra fmiii that «f the North IWk l.itlp-. ()iit»i<li- if \<'Mh 
iteck " l>rok('u gruiiml " eiteiidn to ten or twetvi- fiithoniH, Iml tii> [-id. I.< ■• 
of coraln coidil Iw neuii iH'Vuiid live or aii fiithoinH. Wc riii^jhl i':i>] lli-- 
oiitur U-dvfM of the reef nvur North Itock a lint of ond h< ^d. »i.d ■■{ 
(i»n;<iiiimia. Ou the North Kock U-<lt,'e Hut, /oHuthiiis Mdli'i-ro. Ai.ii-. 
aiid ( 'iirutliiieti are iiiont Uourinliititi. 

Winding uur way towanlx St. <M'c>rt:e iKlaiid from lh<- N>>i(h l.'i.'L., 
we [licked oiir )inNHage Ivtwrcti tlit- tiimiy iiiiiHhr<>oiii-iihii[>r<l Irdjv^ 
Many of thcni caiiie I'l lln- Miirfnci' or n<-urly w\ uml on twi> i.f the IfLr 

I«t.-h.-« mt!..-r m-r the iini.-r hm^ of the k-l-,. Ihamtmn to the N...il, 

IWk I hriiki- off I. [.i-.v of l...r.l riii;;iiii' u-olmii r.H-k in t-ury r.-j--. [ 
aimilar to that of ih.- North H.H-k )..-di;<' tlntn. 

U'.> i-oidd not have n U-tfr exiiii.|.|.' of the true imliin of Ih.- r- , r 
I.-.I;:.- ItutH utid imtrh.'i. th..l. ■-. i-0.diiI.Ml )..v the N.prlh lUni. I^-.]-.- ;,.M 1 1.,. 




P-AOJl««lZ: BRB)lin>JUl. 



PROTO-BERMUDA. 



I 



Rein, Thomson, Rice, Fewkes, and Heilprin, alt a^ree to the former 
(Tenter exteneioii of ihe BcrmudinQ land, and Thomson,' speaking of 
the North Kock, and of Pulpit Hock off Ireland Island, saya there can 
KHrcely be nay doubt that the dry land of Bermuda at one time occu- 
pied a space considerahly larger than it dot's at present. 

We may readily reconstruct the proto-Berniudian land from the eilRt> 
Ing charts (Plate II.). Beginning with the line and chtsters of isluudfl 
ninning from Ireland Island to St. David Head, these mnst in earlier 
times have been somewhat wider. The main island mnst have extended 
■onth beyond the line of llie reef, and dry land must ba^e completely 
barred the access of the sea to the sinks which on the east constituted 
Harrington Sound and Cosile and St. (Jeorge Harbors, St. George Isl- 
and itself probably forming the western edge of the Ship Channel viil- 
lay. On the west the main island reached to Hogiish Cut valley, atid 
Somerset and Irel.tnd Islands were probably connected vtith a range of 
Bolian bills running from Chub Cut across Elies Flat. On the eust, 
Ireland Island was connected with Spanish Point by a ridge which 
JSoUted Great Sound, Port Royal Bay, and Hamilton Harbor sinks from 
the onter lagoons. Great Soimd and Hamilton Harbor both probably 
being disconnected sinks, and both isolated by low saddles from Great 
Sound sink. The ledge flats to the west of Hogfish Cut and to the north . 
of Chaddock, Little, and Long Bars, which pass to the east of Chain 
Heads as far as Chnb Cut. fonned, in connection with the Klies Flat, h 
of which the ledges are the remnants, the barrier separating a g 
•onnd larger than any now existing from the adjoining proto-Bermi^ 
dian sounds. Of these we can trace four others of great sixe. Oiwfl 
bounded on the southwest by the hills of Elies Flat, on the northwest byj 
tbe hills of the ledge fl-.it extending north from Chub Cnt, on the uottk 1 
by the line of flats running east in the direction of Three Hill Shoala UJl' I 
they strike the eaatern face of the sound formed by the Brackish I*an4'l 
Flats, the eastern bonii-lary reaching towards .Spanish Point pnd MfHl 
sratcd from the shonU north of it by the Ship Channel valley, Tbaf 
second sound is enclosed by the Brackish Pond Flnts on the west, hy 1 
the Bailey Bay Flats on the norlb and east, and by the main island on tb» J 
1 Thoniaon, The AlUntio, 1. 3ia 
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UiM HubHidt.-iii.-o. That tlic jiruto-lI'Tniuiliaii Imul wuur ultiptiiul nliai^'. 
ukI oHL'd ita viiMlviiCG Ui l\v: uutioii uf wiudii Kwwpiii); "VirHii viu-ii^.tt- 
contl iK-ocIt, fniiu wliiuU whh Katlti-rvd tlic iiiuturial w1iil-Ii ■»>« toiin ti.<r 
■ulidilk-d nuliuii liillNuf tlio Itvrumiliui, tin »iiHcuiii|i)fHtiiiu. [Iiil llivrt- m 
ii» evidi-iiuu til hIkiw tlint tlio iiri|;iim1 uiiiiiilur conil n-uf wim runuiiJ diiriii^ 
BulMiidfiica. Tliat rvut Iiuh disapjivum), uikI itutliiiit; in lofi uf it 4-\<-<']'t 
the roiutiHiitii of tite tvoliiiii IwlgvH, oitoudiii); to hixtti-ii or w-\<-iit<'t u 
ftttbuliis uitUido cjftbt! n-vflctlt^L'tlatH, tvil^-H wliiuli uwtil (lii-ir vxi-it. ii.-.> 
to the nutteriul derivud rnuu it, — tlie runiiiT uiiliuii liilU i.r iIh- [>r>-(— 
Benuiidiuu laud. liL-miiuiilti uf kiil-Ii IvI^ffM Hiid fiiriiiur ii-«liai< lull- »ii- 
tbe rucka furwiuK the uutur ktk'i' HhIm, tin- hn-iikiTH nil ali<iiu itt" K.iiiti 
■bora, the .Milla ItrenkLT, the Nurtb Itooko, tbu (.'hul> Ik-odH, tl..< N-i.tl.- 
wnt Ilrvkker, uiid otliL-ra. 

Thv cvidviici- of thi- itxtfiil '•( the xiiUsiiU-iicv olii.-b liiw IhIoii |.l>i->- nt 
the Ik-nimdnii in vit,v H<.-i>r. It ih hinM-d u)h.ii thi- .l.-(.th .if llir ^.^lu-i- 
Hud of Muuf [HirtH •>{ till- luifixni. the i-iis.tfiiit- uf u-xhiin rt>il i>i it 

degilli of lifiy Wt ht-luw l<iw-wiiUT iiiiirk, iiiid l)ic <-\('iiv.iti f i..| 

earth from n'il<-|>ih ..f f.-rtv .-i^'bt fi-i-t U-l.-w I..h »nt,T iimrk .-t. l>.-l..ii.l 
Uhiiiil.* iiiid lit i-i^ihtvi'ii rit,-t U'low low-MMiiT iiiiirk iii il<i- <-iilr.iii. i- I.. 
St. lirorve Itiirlior. NniiienniH cuvun nii.l t-HVi-mi> oivur iii tl..- l;.rii.i>- 
diiH, <thi<-l) hiivo Utq fully di-K-nUol lt\ |>ri-vi.>ii-> trrit.-n. Miitit ft ilicin. 
Mtthi>iii:)i fxti-iidiiii; for 1h<1->w luw-mitcr murk, chiiM ..nly hiit<- loin 
f.iniii-<l «h<-ii ihi- iHliiriilii «<Tf lit n t'l'vuliT cli'vutioii tlitiii lit il..' ).i.'^. lit 

ditv. Ill Ihe n.v.-,. N» «.-II ».. MLulUr ).< « ..r ,',„\,ry. ~.u„.|-. .1- -■ ... 

th>- oli'-r*--. Ihi- [xTooity i.f lh<' a^oli-ui r-k, im nrll lu. lih .-nKTii-iK mi.l 

hoii. v<-..imIh<<) MtriL-liin-. 10 ilidi.-:.!.-.! I>V lli.ir n..-li..ii «itl, tl..- -m ,. 

Th>- ii^>t<T ritt-H ;>lfl r»ll- III tl iiv.rur «illi th>- tid.-«. U...1 ll.< l.:it .( 
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At the Btrintii]r.s wp (,nd nothing 
I tha Ijalmmad, uulcaa it he tliut ttucli 
[ ODOar nil along tlie chores, and wiiicl 
niMia and ledgce, ur in the circular areas n 

Mtsr by two to three fathoms thiiu uvei 
Mpond to oceuD holes, but oiilj' on a enial 

HeiljiriD thinks " that the height of land 
I during a period of elevntioo." It liceins ti 



■."[M-nititig to the ocean holes 
uouH uiultB and indeutatioot 
he detected ou the edges of ttia 1 
where the de|>th b soiuetitiiM j 
er the adjuining oi'ea, maj o 
alter scale of dei'th. 

the archipelago wna Formed 1 
more natural to suppoM f 



'lliat the Bermudas were fumied during a period of rest, when the lerel J 
^■■of the reef was stationary, and they were flanked by a broad sand I 
I with data perhaps bare at low water. These would supply on niiuD* I 
f Aunt roateriol for the formatlou of snch dunes as we now find, and mny 1 
I'JiUAgine to have existed on the uurthtni edge of the Bermudas and c 
f the flats which detcrniine the shape of the proto-Bermudiau lagoons. 

While I fully agree to the all-important part which subsidence hu t 
I |iUjed in shaping the Bermudas as they now exist, I cannot trace uiy''J 
r connect ion between these facta and the proposition that "the existenM J 
kof AD Atoll in the present position of the Bermudas is not demonstrable,* 
»Ve certainly have a group of ojolJan hills formed from an annular 1 
I'liugof coral reefa which fiourishcd when the laud was at least seventy ] 
t higher than at present. But the facts we ol^erve on the islnndk | 
■'to^a; do not shed one ray of light on the <iuestion of the Darninian 
theory of the furmation of atolls. The position of the reef to which tbft 
Bermudas owe their origin can only be surmised, — and probably ver^ 
oorrectly, — but we e*nnot state that it was formed during a period of 
anhaidence, and have no data regarding thia point. Subsidence I 
i given to these islands their present configuration. But it is begging I 
tfa* question to stale that the formation of the prulo-Bermudiat) contl 1 
^iTeef, about which Heilprin himself is careful to say we know nothing, if I 
an " not prove the correctness of the Darwinian theory of the forma- f 
I tion of coral islands, measurably snstnii 

8 may also agree with him in the contlusion that the present form ] 
of the Bermuda Islands l«arH no relation to the ring of au atoll,* that | 

' "The qneslion u to wlinr fnrm of cnrai flructiire the Bormuctw nctiuilly >i 

■hat eonnlltutpt iheir fundsmvnt. iin<] liriw tliey were buKt tn Ihpir vximing I 
w1 — tllll rcninini unsnoweri-il. nnil pusaibly we miiy nerer be able la SMwer." — 
F Bw mudiu, p 47. 

* llellprtn uyi : " In the laiie □( the Bermwla I«l*ncl«. which limit Ibc tUld of 
I nj own in V Pit i gal inn* In this ilirM^iion, I am conHilcm Ihal. wlmlevpr may h«*» 

o llir original conMrui'tion n( ihe reninn, \\ie pr^ocnt Upion fraiurva hare Weo 
I bnught *U>ut through lubcidcncc ; anil ilii* concliuiun wu reached before me by 



278 Bl'LLKHS: MUSEUM OK aiMPARATJVE ZviilOOY. 

tbo aiis^nce of an atoll in tlie prvMnt pxiition of tlie Ik-rmudaa ia ti<>l 
demotiatTHble, and tbat the lut;i>uim aiitl aoutida acre fdnncil, aa Ituv 
firat abowmt, diiriiiK ■ periiMl of Biilisidt-iice.' Hut Kmntini; all ilim, 
what ia tliu connection of an iitlaml Kroup wliiclt according to liiiu liiw ii>> 
relation to th« ring of an atoll, of au ialaiid for whicli tlit- viii>tpn<'« ••( nn 
atoll cannot be dumumttntti-d, witli tlio barwinian lhi><ir_v of tliv f-ntM- 
tiuD of coral n^cfal liow can the concluHiona arrived at l>^ lli-il|iriu \iv 
reooncilfd with the following atatunii'iitn inailo by liini : — 

"It will be acen tlint tlivac readlla, a<i fur aa tliey (!■>, arv in ii1m"liittf 
harrnony with the viewa which Mr. Darwin cntcrtaimi] r>t:<mlin/ xi.v 
atructiire of thaM ialaiida. They do not jirove the (iirTectncos of li.i- 
Darwinian hy{iothe«ia of the formation of romi iMlnnda, loit (hey nioai»ir- 
ably auatain it ; on the mntniry, ihey arc lur>:«ly o|i|h>m.i1 to tliv )i-<|<ii>i>- 
tneutaofthL- aiilMititute theory which hiia iK-en niccntly |>ri>|><»ii-<). KI>' 

vation and aiil«id«uce are iMilb ahown to havu uiarkeil the n-,: in i-i 

development, and theiie <:iinditi<inii are nion- in cnnMiiiaucv aiih ibc 
Uarwiitian hyiN)theaiM than with any other."* 

I»veati|catora liafu lieen carried away by lite Miin|ilii-ily of the tl rv 

of aiibaideni-e |m>|>i>undod by Darwin, and it in only of lute ywtm ■.m.-.- a 
maaa of nlMcrvalionH have lieen niiide whieh oouM not Ixi etpluutol I v 
tlie premilinfT theory that we havn at latit reidiied how coni|iliriiti-*l thi- 
|irubleni ia. Il>'il[irin, aa well aa other* iH-fore hitii. Iiuo truly wud, " \V.' 
may not yet have fnthonM-'l (he true nielhcHl of the ri>niiiiii..u i.f c-r •! 
ialatiilii." Itut I liniHl dilTor frnm him in l-to when he layii. " Iml no. ). 
evidence an I waa ahle t<i obtain at the Ik-rnimhi* fiideil l<i (-«nv<n<-<- n., 
of the eTToneoii-neaa of the tmie-hooonil theory of milHiiileiiiv." ' 

The Fi[>liirali<>n of the IhhnmaM and of (he 
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EXPLANATION OF THE PLATES. 



PI.ATK I. 
BermudB lalandE. Ilcduoed {torn U. S. Hj-drugrnpliiv Cliut, Ko. 27. 

. PLATE IL 
Fig. 1. The Ch.illenger and Ar[[ns Banki to the loulliwest of Bennada. 

I Slg. 2. S^clion from Somerset laland aoroH the ChBllen)i«r iiid Argu* Bmnlu. 
Depth in fatlioma. horizontal scale, 1 inch = 10 milea. 

II Tig- 8. Section norlli -north east from .Vortii Ro<:k into 1.3T0 (athoma. 
L Vig. i. Section wutheast from Castle lIikrtMir into 1,240 falhodu. 

PLATE IK, I 

The Bermuda Islunils frurn Gihlis BiU. 

PLATE IV. 
Mullet Bay. St. George Island. Characteristic ..Colinn Hills in the background. 

PLATE V, 
Bare Uilla on the Norili Shore ol tlie Western Entrance to SL George Harbor, 

PLATE VI. 

Shore of Harringtnn Sound. 

PLATE Vn. 
Webb's Pond. 

PLATE VIII. 
Norlh Rock. 



PLATE JX. 
Deep Cut thrnogh .Et.linn Rotk, Warwick. 



BULLETIN: UL'HEL'U UF UiUfAUATlVE ZuilLUUY. 



PLATK X. 
Sink, Warwick, Suulh Sltura. 

I'LATK XI. 
Swtd Uuiici, Klbu> Bnch. 

I'LATK Xll. 
8ud DuiiM bwk or Kllww iWuli. 

I'l^TK XIII 
UiTil't Hole Cluracirruiic hutleiinl .tjiliui Ruck 

I'LATK XIV, _ 
Lagoon near TuvkvnUiwn. 

PLATK XV. 
Gnirancv lu llunirj lUr. 

IXATK XVI 
JKnlitn riiff> nvar AdnurBlljr IIuum-. N.irlli t^hore. 

I'LATK XVM 
l>ulpil Itut-k <.tl Inlind Utand. 

I'LATK XVITI 




^AGASotZ: SERUCDAS. 

I'LATE XXllI. 
^«lian Rock Pinnaclus and StrpLilliie Alolli, South Shore. 

PLATE XXIV. 

Serpuliue Aiulls, Suutli Sliore. 

PtATE XXV, 
Serpulioe Atoll), Soutli Shore. 

PLATE XXVr 
Fringing Serpuline Ri^efi, South Shore. 



PLATE XXyiL 

ibed .Eoliaii Itocka, Flan-ington Round. 

PLATE XXVin. 
Ledge ahowing Passage of -Eolian Rock to Ba«e Itock, Boat Harbor, Korth Shora. I 

PLATE XXIX. 

Pot-holeg, Harrington Sound. 

PLATE XXX. 
Paeuilo-Palmetlo Slumps, North Shore. 
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DEEP CUT, WARWICK. 
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